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Abstract:
Objective:
The composition of subgingival microbiota is related to the status of periodontal health. 16S
rRNA sequencing has been proved useful and efficient to assess the composition of subgingival microbiota. However, different homogenization methods utilized to isolate bacterial DNA
from subgingival plaque can affect sequencing results, especially from small samples. The
study was aimed to compare two common homogenization methods for DNA extraction from
plaque samples that allow for accurate genomic sequencing of subgingival microbiota.
Materials and Methods:
Subgingival plaque samples were collected from interproximal sites of molars of one subject
and stored in 150 μl TE buffer at -80 0C. Microbial genomic DNA was extracted using a MO
BIO Powersoil DNA Isolation Kit. Cell lysis and homogenization was either performed with
0.1 mm Silica Beads (SI) or 0.7 mm Garnet Beads (GA) on a Vortex. 16S rRNA sequencing
(Illumina MiSeq) was then performed to create the corresponding subgingival bacterial genomic profile. Taxonomic assignments to operational taxonomic units (OTUs) from phylum
to species level were completed using CLC Genomics Workbench v10 with 98% matching to
reference databases (Human Oral Microbiome Database).
Results:
Primary commensal and periodontal bacterial species including Camphylobacter gracilis, Corynebacterium matruchotii, Fusobacterium nucleatum, and Porphyromonas gingivalis with relative abundance equal to or more than 1% were identified by sequencing in two groups. There
was no significant difference of relative abundance in any species between two groups based
on homogenization methods. The alpha diversity (Shannon index, OTU numbers) and beta
diversity (Bray-Curtis distance) between two groups were not significantly different. Part of the
samples in the SI group could not be sequenced due to failure of amplification.
Conclusion:
Subgingival bacteria were successfully identified by two bead-based homogenization methods. There was no difference of microbial composition and diversity using different homogenization methods.
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exists in a single site. It is important to
use the most effective method to extract
and purify nucleic acids for profiling
subgingival microbiota in a single site
with low amount of dental plaque.
There are different methods proposed
to optimize the DNA extraction protocol
to increase the quantity and quality of
nucleic acids 3–6. These methods include
different lysis processes, mechanical
treatments 7,8, centrifuge speeds, and
elute processes 9. DNA amplification
is also an option when the quantity of
DNA from clinical samples is too low 10.
Mechanical homogenization, such as
bead beating, is considered as a critical
step to destroy cell wall of bacteria to facilitate bacterial nucleic acid extraction
5,11
. Beads are used in several common
bacterial DNA isolation kits to facilitate
DNA extraction 2,6. However, the efﬁcacy of different types of beads are rarely
compared 4,12. This study was aimed to
compare results of 16S rRNA sequencing using two different bead-based homogenization methods to evaluate the
impact of bead-based homogenization
on quantity and quality of subgingival
bacterial DNA. Additionally, this study
assessed the efﬁcacy of the current protocol to extract bacterial DNA from a
single site for next generation sequencing.
Materials and Methods
Sample collection
Subgingival plaque samples were
collected from one subject to avoid inter-individual variation 6. This subject
diagnosed with gingivitis had good oral
hygiene and no probing depth > 4mm.
Each sample was collected from one interproximal site of one tooth to prevent
pooling microorganisms from different
sites. The MoBio PowerSoil ® DNA
isolation kit (MO BIO Laboratories,

Carlsbad, California, USA) was used to
extract bacterial DNA from subgingival
plaque. It is a commonly used method
to extract bacterial DNA from clinical
samples 2,6. This kit originally employs
garnet beads, an iron-aluminum silicate,
to mechanically rupture bacterial cells
to facilitate DNA extraction. For the
purpose of this study, two beads, garnet
(the GA group) or silica (the SI group),
were used. Sample collection sites were
paired and matched in the two groups.
Sample collection was performed at two
time points (6 months apart) to increase
sample size.
DNA isolation
The procedures of DNA extraction
using a modified MoBio protocol for
low biomass samples were done as
follows. Plaque samples were collected using a sterile curette (MINI
FIVE ® GRACEY CURETTE, HuFriedy, Chicago, IL, USA) then placed
in an eppendorf tube with 150µl TE
buffer and stored at -80 ℃ . This volume of TE buffer was then transferred
to another tube with 50 µl TE buffer
with garnet or silica beads and 200 ul
chloroform before extracting DNA.
The tubes were horizontally vortexed
at maximum speed for 10 minutes on a
flat-bed vortex pad with tape. After the
homogenization process, cellular debris
was removed by centrifugation, and the
clean supernatant was transferred to a
new tube. PowerSoil solutions C2 and
C3 were added and samples were incubated on ice for 5 minutes. Humic debris
was removed by centrifugation for 1
minute, and the supernatant was mixed
with solution C4 and ethanol. DNA was
puriﬁed by passing the solution over the
PowerSoil column, washing with ethanol and solution C5, as recommended
by the manufacturer. DNA was eluted
in 60 µl C6 buffer. DNA concentration

was measured by spectrophotometer
(NanoDrop 2000c, Thermo Fisher Scientific). The DNA was processed for
16S rRNA sequencing through Illumina
MiSeq platform (LC Sciences, Houston,
TX, USA). The comparison of probing
depth or DNA concentration between
groups was performed using Student’
st
test.
16S rRNA gene V4 amplification and
sequencing
The 16S rRNA V4 region of bacterial genomic DNA was PCR ampliﬁed
and sequenced on the Illumina MiSeq
platform. Amplification primers contained adapters for MiSeq sequencing
and single-index barcodes resulting in
PCR products that were pooled and
sequenced directly. Read pairs were
de-multiplexed based on barcodes and
merged by LC Biosciences (Houston,
TX, USA). All samples were processed
and sequenced together. Clean, merged
data was imported into CLC Genomics Workbench v10, with the plugin Microbial Genomics module. 16S
rRNA gene sequences were allocated
to speciﬁc operational taxonomic units
(OTUs) at 98% identity using the
Human Oral Microbiome Database
(HOMD) 13 OTUs without a match to
the HOMD database were given an
OTU number, and genus/species identified by BLAST search against the
bacterial 16s rRNA database 14.
16S rRNA gene data analysis
Community diversity (alpha and beta
diversity) was assessed using the Microbial Genomics Diversity module of
CLC Genomics Workbench. OTUs from
the abundance table were aligned using
MUSCLE with a required minimum
abundance of 100. Aligned OTUs were
used to construct a phylogenetic tree
using Maximum Likelihood Phylogeny
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using the Neighbor Joining method
and the Jukes Cantor substitution model. Rarefication analysis was done by
sub-sampling the OTU abundances
in the different samples at a range of
depths from 1 to 100,000; the number
of different depths sampled was 20,
with 100 replicates at each depth. Alpha
diversity measures were calculated for
observed OTUs and Shannon index and
plotted with BoxPlotR (http://boxplot.
bio.ed.ac.uk) 15. Statistical significance
in alpha diversity between cohorts
(groups of beads or group of teeth for
sample collection) was calculated with
Student’
s t-test. PERMANOVA Analysis
(Permutational Multivariate Analysis Of
Variance) was used to detect signiﬁcant
differences in Beta diversity between
groups, and comparisons were visualized using Principal Coordinate Analysis (PCoA). Diversity measures were
calculated using Bray-Curtis formula.
Differential abundance tests (non-parametric ANOVA) on the OTU frequency
table were used to identify significant
changes in the relative abundances of
individual OTUs between groups. Differential abundance analysis values were
calculated for: the max group means
(maximum of the average Reads Per
Kilobase Million (RPKM’
s)), -log2 fold
change, standard p-value (significance
at less than 0.05), and FDR p-value (false
discovery rate adjusted p-value).
Results
Each group had 6 collected plaque
samples. The mean DNA concentration
was 6.9±4.6 ng/µl in the GA group and
9.1±10.5 ng/µl in the SI group (p=0.65).
However, 3 samples in the SI group
could not be sequenced due to failure
of amplification. The mean probing
depth of sites for available samples in
each group was 3.17±0.41 mm in GA

Table 1. Comparison of microbial relative abundance using two bead-based homogenization methods (garnet or silica)

Species

Fold change
(Log2)

P-value

Streptococcus intermedius

-5.94

1.85 x 10-4

0.11

Vibrio parahaemolyticus

-7.16

-3

1.01 x 10

0.12

Aggregatibacter sp. (HOT-898)

-6.37

1.17 x 10-3

0.12

-3

0.12

-3

Parvimonas micra

-4.8

Adjusted
p-value

1.35 x 10

Olsenella uli

-8.64

1.46 x 10

0.12

Prevotella sp. (HOT-526)

-4.94

1.50 x 10-3

0.12

-6.45

-3

0.12

-3

Corynebacterium durum

1.51 x 10

Prevotella sp. (Strain_P4P_53)

-4.3

2.81 x 10

0.18

SR1 [G-1] sp. (HOT-345)

-5.73

2.83 x 10-3

0.18

These listed species had relative fold change of abundance between two groups (garnet/
silica) with a false discovery rate (FDR) adjusted p-value < 0.2. Minus value of the fold
change means the relative abundance in the garnet group is smaller than the silica group.

Figure 1. Alpha diversity of microbial community in the garnet group (red) and the silica
group (blue). No significant differences between the two groups were observed
for (1A) evenness (Shannon index) and (1B) richness (Observed OUT number).

and 3.00±0.00 mm in SI respectively
(p=0.52). There were 293 species identiﬁed in these samples. Thirty one species
were exclusively identified in the GA
group and 31 species were exclusively
identiﬁed in the SI group. None of bacterial species had signiﬁcantly different
abundance between the GA group and
the SI group (adjusted p>0.05). When a
less conservative significant level (adjusted p<0.2) was chosen considering
the variation of relative abundance and
limited sample size, nine species had
different abundance between the two
bead groups (Table 1). In the species
with relative abundance equal to or
greater than 1%, eight species (Porphyromonas gingivalis, Fusobacterium
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nucleatum subsp. vincentii, Lautropia
mirabilis, Fusobacterium HOT 204,
Cardiobacterium hominis, Corynebacterium matruchotii, Campylobacter
gracilis, Fusobacterium oral taxon
203) were shared in both GA and SI
groups (Table 2).
Regarding the diversity of subgingival microbial community, evenness
(Shannon index) was not significantly
different between two groups (p=0.33).
Richness of microbial community (the
number of observed OTUs) was not
significantly different between two
groups either (p=0.63) (Figures 1A and
1B). The graph of principal coordinated analysis (Bray-Curtis) did not show
signiﬁcant separation of samples in the
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Table 2. Relative abundance of bacterial species

The Garnet Group

The Silica Group

Bacterial species

Relative
Bacterial species
abundance

Relative
abundance

Porphyromonas gingivalis

0.07

Porphyromonas gingivalis

0.09

Fusobacterium nucleatum_
subsp._vincentii

0.05

Fusobacterium nucleatum_
subsp._vincentii

0.08

Lactobacillus crispatus

0.04

Lautropia mirabilis

0.03

Lautropia mirabilis

0.03

Fusobacterium sp._HOT_204

0.03

Fusobacterium sp._HOT_204

0.03

Cardiobacterium hominis

0.03

Neisseria flavescens

0.03

Prevotella intermedia

0.03

Fusobacterium nucleatum_
subsp._animalis

0.02

Corynebacterium matruchotii

0.02

Fusobacterium sp._oral_
taxon_203

0.02

Campylobacter gracilis

0.02

Bacteroidales_[G-2] sp._oral_
taxon_274

0.02

Porphyromonas endodontalis

0.02

Neisseria oral_taxon_018

0.02

Fretibacterium sp._oral_
taxon_358

0.02

Corynebacterium matruchotii

0.02

Propionibacterium
propionicum

0.02

Cardiobacterium hominis

0.02

Treponema sp._oral_
taxon_262

0.02

Fusobacterium nucleatum_
subsp._polymorphum

0.01

Leptotrichia hongkongensis

0.02

Campylobacter gracilis

0.01

Fusobacterium sp._oral_
taxon_203

0.01

Tannerella forsythia

0.01

Fretibacterium fastidiosum

0.01

Dialister invisus

0.01

Treponema sp._oral_
taxon_238

0.01

Alloprevotella tannerae

0.01

Treponema denticola

0.01

Ottowia oral_taxon_894

0.01

Prevotella sp._oral_taxon_526

0.01

All listed bacterial species had relative abundance ≥ 1%. Bold species were identified in both
garnet and silica groups.

GA group from samples in the SI group
(p=0.31) (Figure 2). Taken together with
Richness and Evenness data, the results
indicated that homogenization methods
did not affect the diversity of microbial
communities.
Since plaque samples were collected
from different molars, analyses were
performed to assess the effects of collection sites on microbial abundance
and diversity. Only three samples in
the GA group were selected for the
analyses to match three samples in
the SI group. These samples were collected from tooth #46 and tooth #47.
Two bacterial species (Lactobacillus
crispatus and unnamed species) had
significantly different abundance between two collection sites (#46 and #47;
adjusted p=0.02 and 0.03 respectively).
However, the Shannon index and OTU
numbers were not significantly different between two collection sites (p=
0.87, 0.44 respectively). Beta diversity
(Bray-Curtis) of the microbial community did not have signiﬁcant difference
between two collection sites (p=0.73).
In contrast, comparing samples collected at the ﬁrst time point and second
time point revealed a signiﬁcant change
in microbial community (p=0.01),
which reflects the expected community
variation over time (Figure 3).
Discussion

Figure 2. Principal coordinate analysis (PCoA) plot with Bray-Curtis dissimilarity. Microbial
communities in the garnet group (red) did not clearly separate from microbial
communities in the silica group (blue).

Methods of extracting bacterial DNA
that include a bead beating cell lysis
step have the advantages of effectively releasing DNA from gram negative
bacteria and homogenizing the clinical
samples. It has been demonstrated that
using DNA isolation methods including
bead beating can increase the chance
of detecting more species in periodontal microbiota than methods without
bead beating 16. However, bead beating
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pecially for little plaque collected from
one site of the tooth in a patient without
periodontitis (Table 3).
Current results of this study showed
this bacterial DNA isolation protocol
is able to efﬁciently identify both gram
positive and gram negative bacteria
in oral microbiota. In the identified
species with relative abundance ≥ 1%,
Lautropia mirabilis 19–21, Campylobacter
gracilis 21,22 , and Corynebacterium
matruchotii

23,24

, were associated with

shallow pocket and periodontal health.
Corynebacterium matruchotii is the maFigure 3. Principal coordinate analysis (PCoA) plot with Bray-Curtis dissimilarity. Microbial
communities taken at the first time point (blue) did clearly separate from microbial communities from the second time point (green).

Table 3. Comparison of two bead-based homogenization methods
Silica Beads (SI)

Garnet Beads (GA)

Size of the beads

0.1 mm

0.7 mm

Cell lysis efficacy

Smaller beads may result in
fewer short fragments of DNA
than larger beads. However,
small beads may not effectively
lyse a small number of cells
collected from clinical samples.

Larger beads are more likely to
efficiently lyse cells than smaller
beads. However, large beads
may result in shearing the
DNA into short fragments that
increase the bias of sequencing.

Conclusions

The bead-based homogenization methods do not have significant
impact on the results of 16S rRNA sequencing for subgingival
plaque samples. However, the chance of having unsequenced
samples using silica beads might be a concern.

may result in shearing the DNA into
short fragments 7 and may increase the
bias of sequencing 17. Although MoBio
PowerSoil® DNA isolation kit is commonly used 18, the garnet beads with a
sharper edge and a larger size than other
beads might not be the most appropriate
beads for subgingival plaque samples
since they may result in unwanted
fragments causing bias of sequencing
results and it had been shown that beads
with a larger size might not be more
efficient in DNA extraction than beads

with a smaller size 12. The current results demonstrated different beads did
not have significant effects on results
of 16S rRNA sequencing. However, it
is important to know that three out of
six samples in the silica group could
not be sequenced. Although the mean
DNA concentration of samples in both
GA and SI groups was not signiﬁcantly
different, some DNA in these samples
might come from mammalian cells.
Silica beads might not destroy bacterial
cells as effectively as garnet beads, es-
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jor species in oral plaque and present at
signiﬁcant levels 24.
Although these plaque samples were
collected from sites of a patient without
periodontitis and without deep probing
depth, several periodontal pathogens
including Porphyromonas gingivalis,
Tannerella forsythia and Treponema
denticola were identified in these samples. These results support the concept
that bacterial species in plaque samples
collected from healthy sites or diseased
sites may have significantly different
relative abundance but these species are
commonly identified in both healthy
and diseased sites 25. Both periodontal
pathogens and commensal bacteria can
trigger the inflammatory responses if
polymicrobial dysbiosis happens.
It has been demonstrated that the
inter-individual variation in microbiota
exceeded the variation resulting from
choice of the DNA extraction method6.
Since all samples in this study were
collected from the same subject, the
inter-individual variation was not a
concern. However, the current results
showed that the variation caused by
the sample collection site and the collection time point appeared to be more
notable than the variation caused by
the bead-based homogenization meth-
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od. It is known that oral microbiota is
site-speciﬁc and has temporal dynamics

5. Rantakokko-Jalava K, Jalava J. Op-

microbial DNA after bead-beating

timal DNA isolation method for de-

before DNA isolation. J Microbiol

. These results should be carefully

tection of bacteria in clinical spec-

Methods. 2010;80:209–211.

interpreted because of the limited sample size.

imens by broad-range PCR. J Clin

26–29

Conclusion
The difference of beads using in bacterial DNA extraction and the difference
of sample collection sites with a similar
clinical condition did not have significant impact on the results of 16S rRNA
sequencing. The chance of having unsequenced samples using the silica bead
might be a concern.

13. Chen T, Yu WH, Izard J, Baranova

Microbiol. 2002;40:4211–4217.

O V., Lakshmanan A, Dewhirst FE.

6. Wesolowska-Andersen A, Bahl

The Human Oral Microbiome Da-

MI, Carvalho V, et al. Choice of

tabase: a web accessible resource

bacterial DNA extraction method

for investigating oral microbe tax-

from fecal material influences com-

onomic and genomic information.

munity structure as evaluated by

Database (Oxford). 2010; baq013.

metagenomic analysis. Microbiome.
2014;2:19.

14. Belstrøm D, Sembler-Møller ML,
Grande MA, et al. Microbial proﬁle

7. De Lipthay JR, Enzinger C, Johnsen

comparisons of saliva, pooled and

K, Aamand J, Sørensen SJ. Im-

site-speciﬁc subgingival samples in

pact of DNA extraction method on

periodontitis patients. PLoS One.

Acknowledgments

bacterial community composition

2017;12:e0182992.

The study is supported by Grants Program in Dental Research, the Houston
Section of the American Association for
Dental Research. The authors declare no
conflict of interest relative to the study.

measured by denaturing gradient

References
1. Xie G, Chain PSG, Lo CC, et al.
Community and gene composition
of a human dental plaque microbiota obtained by metagenomic
sequencing. Mol Oral Microbiol.
2010;25:391–405.
2. Vesty A, Biswas K, Taylor MW,
Gear K, Douglas RG. Evaluating
the impact of DNA extraction method on the representation of human
oral bacterial and fungal communities. PLoS One. 2017;12: e0169877.
3. Bag S, Saha B, Mehta O, et al. An
improved method for high quality
metagenomics DNA extraction from
human and environmental samples.
Sci Rep. 2016;6:26775.
4. Fujimoto S, Nakagami Y, Kojima
F. Optimal bacterial DNA isolation
method using bead-beating technique. Med Sch. 2004;3:33–38.

gel electrophoresis. Soil Biology &
Biochemistry. 2004;36:1607–1614.

15. Kick the bar chart habit. Nature
Methods. 2014;11:113.
16. Abusleme L, Hong BY, Dupuy AK,

8. Krsek M, Wellington EMH. Com-

Strausbaugh LD, Diaz PI. Influence

parison of different methods for

of DNA extraction on oral microbi-

the isolation and purification of

al profiles obtained via 16S rRNA

total community DNA from soil. J

gene sequencing. J Oral Microbiol.

Microbiol Methods. 1999;39:1–16.

2014;6.3402/jom.v6.23990.

9. Miller DN, Bryant JE, Madsen EL,

17. Poptsova MS, Il’Icheva IA, Ne-

Ghiorse WC. Evaluation and op-

chipurenko DY, et al. Non-random

timization of DNA extraction and

DNA fragmentation in next-gen-

puriﬁcation procedures for soil and

eration sequencing. Sci Rep.

sediment samples. Appl Environ

2014;4:4532.

Microbiol. 1999;65:4715–4724.

18. Tiago MT, Naiara de MBR, Sha-

10. Duran-Pinedo AE, Chen T, Teles R,

na de M de OC, Miliane MS de S,

et al. Community-wide transcrip-

Everaldo Z, Irene da SC. Choice

tome of the oral microbiome in sub-

of DNA extraction protocols from

jects with and without periodontitis.

Gram negative and positive bacteria

ISME J. 2014;8:1659-1672.

and directly from the soil. African J

11. Anderson KL, Lebepe-Mazur S.

Microbiol Res. 2015;9:863–871.

Comparison of rapid methods for

19. Colombo AP V., Boches SK, Cotton

the extraction of bacterial DNA

SL, et al. Comparisons of subgingi-

from colonic and caecal lumen con-

val microbial profiles of refractory

tents of the pig. J Appl Microbiol.

periodontitis, severe periodontitis,

2003;94:988–993.

and periodontal health using the

12. de Boer R, Peters R, Gierveld S,

human oral microbe identifica-

Schuurman T, Kooistra-Smid M,

tion microarray. J Periodontol.

Savelkoul P. Improved detection of

2009;80:1421-1432.

Journal of Periodontics and Implant Dentistry 1(2) 2018 ｜ 79

Cell homogenization for oral microbiota sequencing

20. Colombo AP V., Bennet S, Cotton

GG. Individuality, stability, and var-

SL, et al. Impact of periodontal ther-

iability of the plaque microbiome.

apy on the subgingival microbiota

Front Microbiol. 2016;7:564.

of severe periodontitis: comparison

29. Hall MW, Singh N, Ng KF, et al. In-

between good responders and indi-

ter-personal diversity and temporal

viduals with refractory periodontitis

dynamics of dental, tongue, and sal-

using the human oral microbe iden-

ivary microbiota in the healthy oral

tiﬁcation microarray. J Periodontol.

cavity. NPJ Biofilms Microbiomes.

2012;83:1279-1287.

2017;3:2.

21. Shaddox LM, Huang H, Lin T, et al.
Microbiological characterization in
children with aggressive periodontitis. J Dent Res. 2012;91:927-933.
22. Macuch PJ, Tanner ACR. Campylobacter species in health, gingivitis, and periodontitis. J Dent Res.
2000;79(2):785-792.
23. Kumar PS, Griffen AL, Barton JA,
Paster BJ, Moeschberger ML, Leys
EJ. New bacterial species associated
with chronic periodontitis. J Dent
Res. 2003; 82:338-344.
24. Mark Welch JL, Rossetti BJ, Rieken
CW, Dewhirst FE, Borisy GG. Biogeography of a human oral microbiome at the micron scale. Proc Natl
Acad Sci. 2016;113:E791-800.
25. Camelo-Castillo AJ, Mira A, Pico
A, Nibali L, Henderson B, Donos
N, et al. Subgingival microbiota in
health compared to periodontitis
and the influence of smoking. Front
Microbiol. 2015;6:119.
26. Paster BJ, Olsen I, Aas JA, Dewhirst
FE. The breadth of bacterial diversity in the human periodontal pocket
and other oral sites. Periodontology
2000. 2006;42:80-87.
27. Marsh PD, Devine DA. How is
the development of dental bioﬁlms
influenced by the host? J Clin
Periodontol. 201;38 Suppl 11:2835.
28. Utter DR, Mark Welch JL, Borisy

80 ｜ Journal of Periodontics and Implant Dentistry 1(2) 2018

