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Abstract Background: Dysregulation of the oral microbiome has been correlated with many diseases, but oral

~ microbiome in the etiopathogenesis of oral cancer remains a grey area and needs to be explored. It is
imperative to understand the oral microbiome profiles so as to know the variations in the composition
from normal to pre-cancer to cancer.
Aim: To profile the oral microbiome of normal, oral potentially malignant disorders (leukoplakia — Leu, oral
submucous fibrosis — OSMF) and oral squamous cell carcinoma (OSCC) by Next-Generation Sequencing of
the 16S ribosomal rRNA gene.
Material and Methods: This is an observational cross-sectional study. A total of 50 subjects were selected
for this study, which included the the normal, Leukoplakia, OSMF, and OSCC groups. Bacterial genomic DNA
was extracted, and 16S rRNA gene sequencing of the V4 region was carried out using the [llumina MiSeq
system. Bio-informatics data analysis was carried out using the DADA2 pipeline and phyloseq R package,
and the t-test was used for statistical analysis.
Results and Conclusion: Variations in the composition of the oral microbiome were identified across all
study groups, and significant differences were noted in certain microbial taxa across normal, pre-cancer, and
cancer. Certain bacterial taxa were detected only in OSCC. An increase in relative abundance of Gram-negative
bacteria as well as an increasing trend in the abundance of periodontal taxa was observed in OSCC. This
study generated a baseline data which may provide a guideline for future functional and integrative oral
microbiome studies. Variations in oral microbiome composition may be used as biomarkers and provide
signatures during the progression from normal to pre-cancer to cancer.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is the most
frequent oral cancer accounting for 90% of all oral
malignancies. It is one of the leading causes of morbidity
and mortality in the world.! The International Agency
for Cancer Research has postulated that the prevalence
of cancer in India will rise from 1 million in 2012 to
more than 1.7 million in 2035.

OSCC is a multi-factorial disease.P’! A genetic predisposition
has been suggested to play a role in the aetiology of oral
cancer. The majority of people who are exposed to the
well-known risk factors like tobacco, alcohol, and betel
quid do not develop oral cancer. Also, sporadically oral
cancer cases are reported in young adults and non-tobacco
and non-alcohol users.™ Therefore, there is a need to
investigate other potential risk factors that contribute
to oral carcinogenesis, one of which is the microbiome.
Many risk factors have been discussed, and many microbes
individually also have been followed, but the vast oral
microbiome still needs recognition.

The oral microbiome comprises of diverse microbial
communities across different microenvironments including
tooth and epithelial surfaces.’! Each sutface of the oral
cavity is covered with a biofilm which constitutes a
microbiome aggregate.l’

Every individual has a unique microbiome, and a balanced
microbiome is the key to maintaining health. Dysbiosis in
the constitution of the microbiome has been related to
many diseases including pre-cancer and cancer.

Increasing research and significant evidence has emerged
implicating bacteria in the aetiology of certain cancer types;
tor example, Helicobacter pylori is associated with gastric
cancet, Chlamydia trachomatis is linked to cervical cancer,
and Salmonella typhi to gall bladder cancer.

The connection between microbiome and cancer is intricate
and is influenced by factors such as host genetics, diet, oral
hygiene, and environmental factors."”

Oral microbiome appears to influence OSCC via
modulation of cell metabolism by altering nutrient and
vitamin concentrations, thus promoting the production
of cytokines which are involved in different pathological
conditions.

However, connections between oral microbiome and oral
cancer are relatively unexplored, and a bacterial spectrum

in oral potentially malignant disorders and OSCC is yet to
be identified. This has triggered a considerable amount of
research to explore and understand the possible involvement
of the oral microbiome in the aetiopathogenesis of OSCC.
There is a need to identify biomarkers with the notion that
every patient is unique and needs personalized treatment.

Cancer-related changes in the oral microbiome have been
studied by microbial culture and molecular methods.
Advanced methods like Next Generation Sequencing
(NGS) allow investigation of the microbial communities
to unprecedented depths.

This study was designed with an aim to profile the
oral microbiome of normal, oral potentially malignant
disorders (leukoplakia — Leu, oral submucous
fibrosis — OSMF) and OSCC by NGS of the 16S ribosomal
rRINA gene followed by bioinformatics data analysis.

METHODOLOGY

This is an observational cross-sectional study. The protocol
of this study was approved by the Institutional Research
Committee and Institutional Ethics Committee, Bharati
Vidyapeeth Deemed to be University, Dental College and
Hospital, Pune, India. (Ref — Br V/19-03-2019).

Study population

A total of 50 subjects, between 40 to 60 yeats of age,
including both males and females were selected for this study.
The study groups consisted of normal subjects (healthy
controls) reporting for routine extractions, scaling, etc with
no other medical history and habit history (n = 10), subjects
with leukoplakia with histo-pathologically confirmed
dysplasia (n = 10), subjects clinically and histo-pathologically
diagnosed with OSMF (n = 10), and subjects clinically and
histo-pathologically diagnosed with OSCC (n = 20).

Subject recruitment

Subjects were recruited from Bharati Vidyapeeth (Deemed
to be University), Dental College and Hospital, Pune
and Bharati Hospital and Research Centre, Pune.
DNA extraction and spectro-photometric analysis
were performed at the Department of Pathology,
Bharati Hospital and Research Centre, Pune. NGS and
bioinformatics data analysis were carried out at the National
Centre for Microbial Resource (NCMR), National Centre
for Cell Science, Pune.

Written informed consent was acquired from every subject
selected for the study. A thorough clinical examination was
performed, and a structured history was obtained about
demographics, medical history, diet, and habits.
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Sample collection

An unstimulated saliva sample collection method was used.
Subjects were refrained from eating or drinking for at least
30 minutes before the sampling procedure. Subjects were
requested to collect saliva in their mouth for at least a minute
and drool into a labelled 50 ml collection tube (Falcon
sterile conical polypropylene tube with flat-top screw cap).
Aseptic techniques were followed for the collection of the
specimen. All samples were transported to the laboratory in
appropriate containers on ice within 2 hours of collection
and stored at -80°C before further processing;

DNA extraction

Saliva samples were thawed at room temperature before
DNA extraction. Bacterial genomic DNA was extracted
from the samples using a QIAamp DNA mini kit (Qiagen,
Germany, Catalogue number — 51304) according to the
manufacturet’s instructions. (Protocol from Qiagen).!""

Polymerase chain reaction

DNA was quantified using Nanodrop (Thermo Scientific,
USA), and the quality of DNA was checked by gel
electrophoresis. The DNA samples were subjected to
amplification of the 16S rRNA gene using V4 region-specific
primers, forward [ GTGCCAGCMGCCGCGGTAA3 and
reverse [SGGACTACHVGGGTWTCTAAT3']. PCR was
performed using the following conditions: initial denaturation
at 95° C for 5 minutes, denaturation at 95° for 30 seconds,
annealing at 55" C for 30 seconds, extension at 72° C for
30 seconds, and final extension at 72° C for 5 minutes. A total
of 25 cycles were performed for amplification.!*”

Library preparation

After amplification, PCR products were cleaned by AMPure
XP beads (catalogue no A63882, Beckman Coulter, Inc,
USA) and subjected to library preparation using Nextra
XT library preparation kit (Illumina, USA), followed by
limited cycle PCR.

Quality control of the final DNA library

The final clean-up was performed using AMPure XP beads,
and the obtained libraries were assessed for fragment
distribution and quality control using Tapestation (Agilent
Technologies, USA). The size of the final library on the
Tapestation was around 420 bp.

16S rRNA gene amplicon sequencing

The quantified libraries were amplified and sequenced using
the Illumina MiSeq platform which generated high-quality
full-length reads of the V4 region of the 16S rRNA gene
in a single 48-hour run. All the steps were followed as per
the protocol for the Illumina MiSeq system.!"’)

Bio-informatics data analysis

After sequencing on the Illumina MiSeq platform, the
raw data were obtained as paired-end FASTQ files. 16S
rRNA sequencing data analysis was carried out using the
Divisive Amplicon Denoising Algorithm (DADA?2) pipeline
(https://github.com/benjjneb/dada2)," and phyloseq R
package (Version 4.0) was used for statistical analysis. SILVA
reference database was used for taxonomic assignment.!"”!
Representative sequences were assigned at different taxonomic
levels (Phylum, Family and Genus) with a 97% cut-off value.
The #test was used for statistical analysis. A P value of less
than 0.05 was considered statistically significant.

RESULTS

The demographic characteristics of the study subjects are
presented in Tables 1 and 2.

Illumina generated raw data reads were demultiplexed, and
barcode adaptor sequences were removed. Raw sequences
were processed based on the DADA2 workflow.""l The
low-quality sequences were filtered and trimmed, and the
remaining reads were subsequently denoised and merged,
and chimeras were removed.

A total number of 50,30,863 raw reads were generated
from 47 saliva samples after sequencing on the Illumina
MiSeq platform, and 38,02,436 high-quality sequences
were retained for further downstream analysis. The total

Table 1: Age and Gender Distribution in all study groups

Study groups Normal Leukoplakia OSMF 0SCC
No of Subjects 10 10 10 20
Age (Mean) 451 49 451 53.8
Gender
Male 07 07 08 17
Female 03 03 02 03

Table 2: Type, Duration, and Frequency of Habit in all study
groups

No of subjects Percentage
(Out of 40)
Type of Habit
Tobacco 27 67.5%
Gutkha 08 20%
Cigarette 03 7.5%
Mishri 02 5%
Duration
<5 years 06 15%
5 to 10 years 18 45%
10 to 15 years 06 15%
15 to 30 years 10 25%
Frequency
2-3 times a day (Low) 07 17.5%
3-4 times a day (Moderate) 19 47.5%
5 times and above (High) 14 35.0%
2-3 times a day (Low) 07 17.5%

Journal of Oral and Maxillofacial Pathology | Volume 29 | Issue 1 | January-March 2025 89



Deo, et al.: Oral microbiome in oral pre-cancer and cancer

Observed Sh n

250

N
(=3
o

-
o
o

3.0

Alpha diversity measures

0.86

-
o
o

25

.
.

50

B3 1_Control

E3 2_Leukoplakia
B3

B

al

Oral_Submucous_Fibrosis

4_Oral_Sq ,_Cell_Carci

Cell_¢

1_Control
2_Leukoplakia
2_Leukoplakia

3_Oral_Submucous_Fibrosis
1_Control

3_Oral_Submucous_Fibrosis

4_Oral_Squamous_Cell_Carcinoma |

4_Oral,

1_Control

2_Leukoplakia

3_Oral_Submucous_Fibrosis
4_Oral_Squamous_Cell_Carcinoma {

Figure 1: Alpha diversity analysis — Box-plot of Alpha diversity analysis of the oral microbiome across all four study groups (normal — control, oral
potentially malignant disorders — leukoplakia, OSMF, and OSCC). The boxes denote the interquartile ranges (IQR), and the black line represents

the median. Dots represent the outlier samples
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Figure 2: Beta diversity analysis of the oral microbiome across
all four study groups (normal — control, oral potentially malignant
disorders — leukoplakia, OSMF, and OSCC) — Principal Coordinate
Analysis (PCoA) based on data matrix using the Bray-Curtis distance
metrics

number of Amplicon Sequence Variants (ASVs) obtained
from the process was 1572. Hach ASV obtained from the
process was compared for taxonomic assignment. The
sequence statistics for bioinformatics data analysis is given
in Supplementary Table S1.

Alpha diversity analysis

The alpha diversity metrics calculated were observed for
ASVs using the Shannon index for species richness and
evenness and the Simpson index for evenness. This study
showed an increase in the observed number of ASVs in
leukoplakia and OSMF and a decrease in OSCC though
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Figure 3: Stacked box plots showing the relative abundance of
microbial taxa at the phylum level. Top ten phyla across all study
groups — normal (control), leukoplakia (Leu), oral submucous
fibrosis (OSMF), and oral squamous cell carcinoma (OSCC)

not significant. According to Shannon and Simpson indices,
there was a decrease in alpha diversity in leukoplakia,
OSME, and OSCC compared to the normal [Figure 1].
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evaluate the extent of the similarity amongst the bacterial
communities. A dot represents each sample. Visualizing the
Bray Curtis distance metrics between samples in a PCoA plot,
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Figure 6: Stacked box plots showing relative abundance of microbial
taxa at genus level. Top twenty bacterial genera across all study
groups - Normal (Control), Leukoplakia (Leu), Oral Submucous
Fibrosis (OSMF) and Oral Squamous Cell Carcinoma (OSCC)

samples that are more distant from one another are dissimilar.
The inter-individual variations were found to be greater in
leukoplakia, OSME, and OSCC compared to normal. The
normal group showed a close cluster of subjects compared
to other disease groups which appear more separated.
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Figure 7: Comparison of differentially abundant bacterial genera across all four study groups

Therefore, leukoplakia, OSME, and OSCC showed a more
diverse microbiome in comparison to the normal [Figure 2].

Relative abundance of bacteria at phylum, family, and
genus levels
The identified ASVs were classified into 21 phyla, 100

families, and 197 genera.

At the phylum level, Synergistota, Spirochaetota, Proteobacteria,
Patescibacteria, Fusobacteriota, Firmicutes, Cyanobacteria,
Campilobacterota, Bacteroidota, and Actinobacteriota |Figure 3]
were detected. Firmicutes (43.94%), Bacteroidota (23.70%), and
Proteobacteria (16.87%) were identified as the most abundant
phyla. Firmicutes showed a decreasing trend in leukoplakia and
OSMF and a significant decrease in OSCC (32.17%0) compared
to normal (43.94%), Pvalue < 0.01. Bactervidota also showed a

92

decreasing trend in leukoplakia and OSMF compared to the
normal. However, the relative abundance of Proteobacteria was
found to be increased in leukoplakia (21.15%), OSMF (25.18%0),
and OSCC (26.24%) in comparison to the normal (16.87%).
The difference between normal and OSCC was found to be
statistically significant, P value < 0.05 [Figure 4].

The taxa such as Streptococcaceae, Neisseriaceae, Veillonellaceae,
and Prevotellaceae were the most abundantly detected
families [Figure 5]. Family Neisseriaceae showed an increase
in the relative abundance in the leukoplakia, OSMEF, and
OSCC compared to the normal.

Twenty differentially abundant genera were identified across
all study groups [Figure 6]. Among them, the top ten genera
tound were Streptococcus, Veillonella, Prevotella, Neisseria, Rothia,
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from -1 (red) to +1 (blue) for relative abundance

Fusobacteria, 1eptotrichia, Gemella, Alloprevotella, and Actinobacillus.
Streptococens genus showed a statistically significant decrease
in the OSCC (11.71%) compared to the normal (23.72%),
Prvalue <0.01. The most abundantly found genera in OSCC
was Nezsseria (15.05%), followed by Prevotella (12.46%),
Streptococcus (11.71%), and Veillonella (8.73%). The genus
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. The Spearman correlation values ranges

Neisseria showed a statistically significant increase in OSCC
in comparison to the normal, P value < 0.05. There was a
significant difference in the genus Haemophilus between the
normal (8.65%) and OSMF (2.82%0), Pvalue < 0.01 [Figure 7).
Variations found in abundantly detected genera are shown
in Supplementary Figures S1 and S2. There was an increase
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in the relative abundance of bacterial genera belonging
to the red complex responsible for periodontal disease
namely Porphyromonas, Treponema, and Capnocytophaga.
Genus Porphyromonas showed an increase in the relative
abundance of leukoplakia (3.41%) and OSCC (2.66%)
compared to the normal (2.13%). There was an increase in
the relative abundance of Treponema in OSMFE (0.67%) and
OSCC (0.88%) as compared to the normal (0.46%) and an
increase in the relative abundance in the genus Caprocytophaga
in leukoplakia (0.95%), OSMF (1.01%), and OSCC (4.45%0)
compared to the normal (0.73%).

The core oral microbiome detected across all study
groups

Bacterial genera prevalent in more than 50% of the study
population with more than 0.1% abundance (detection
threshold) were considered as a part of the core
microbiome. Among 197 genera detected, 29 genera were
selected based on the fact that they were present in at least
50% of subjects [Figure 8]. Six genera were found in high
abundance across all study groups, namely, St#reptococcus,
Prevotella, Veillonella, Neisseria, Haemophilus, and Rothia.

In this study, around 40 bacterial genera were found unique
to OSCC and not detected in other groups [Supplementary
Table S2].

Spearman correlation

Spearman correlation analysis estimates the microbial interaction
between pairs of taxa.'? Spearman cortelation among top
abundant genera for the analysis of the oral microbiome was
performed including the demographic characteristics. The
colour intensity and the size of the circle show the strength of
the correlation. The Spearman correlation coefficient ranges
from -1 (red) to +1 (blue) [Figure 9]. Genus Parvimonas was
positively correlated with Fausobacterinm (0.8), Porphyromonas (0.4),
and Peptostreptococens (0.6); however, it was negatively correlated
with Neisseria (-0.6). The relative abundance of Neisseria showed
a positive correlation with an increase in habit frequency (0.6).
When the habit duration is decteased, the relative abundance
of Streptococcus was decreased (-0.6) [Figure 9].

DISCUSSION

Microbiota plays a major role in the pathophysiology
of many diseases. Bacteria are known to be linked with
the actiopathogenesis of a number of diseases including
cancer. The World Health Organization (WHO) has
categotised Helicobacter pylori as a Class 1 carcinogen.!'
However, the literature on oral microbiome as markers for
oral cancer is still lacking and a significant consensus has
not been reached. Oral cancer treatment modalities have

shown considerable improvements, but the mortality rate
of OSCC is still around 43% and the 5-year survival rate
is 56%. This is due to the fact that majority of the oral
cancers are diagnosed at late stages. The late diagnosis may
be linked to a lack of consistent oral cancer prevention
programs, the inability to detect early stages of oral cancer
in asymptomatic subjects, and the lack of consistent
biological markers for diagnostic purposes.!'”)

This study profiled and compared the oral microbiome of
normal, leukoplakia, OSMF, and OSCC. The V4 region
of the 16S rRNA gene was selected for sequencing and
analysis. The results of the diversity analysis (alpha and
beta diversity) of the present study are similar to the
previous reports by Pushalkar ez /,*"! Guerrero-Preston
et al.*!! Shin et /l,*? Panda e al,*) Lim et al.,”" and
Perera et al® A study by Wang e al. in 2017 showed
minor variations in alpha diversity in the OSCC tissue
and non-tumour tissues. A report by Li ef al in 202117
showed that 3 diversity of oral cancer samples showed
marked differences from the normal and precancerous
lesions. Their analysis revealed that samples of normal
and precancerous lesions were mixed; however, oral cancer
samples were more specific and different. The existing
literature shows considerable differences in the diversity
and richness between healthy and tumour samples. These
variations could be due to the type of sample collected as
there are complex niches in the oral cavity that harbour
different micro-flora.

Phyla Firmicutes, Proteobacteria, and Bacteroidota were the
most predominant phyla found in this study. Relative
abundance of Firmicutes was decreased in leukoplakia
(36.84%) and OSMF (37.51%) and significantly decreased
in OSCC (32.17%) in comparison to the normal (43.94%).
These tresults are in accordance with Banetjee ¢ al., 2017 %
Zhao et al.,2017) Amer et al., 2020, Gopinath et al., 2020,
and Schmidt e7 a/., 2014.P" However, according to reports by
Zhang et al. in 2019%% and Pushalkar et al., 2012, Firmicutes
was the dominant phylum in OSCC samples. Proseobacteriawas
increased in oral potentially malignant disorders (leukoplakia
and OSMF) and OSCC compared to normal. The difference
between the normal (16.87%) and OSCC (26.24%) was
statistically significant. This is in accordance with the study
conducted by Banetjee ¢7 a/. in 2017.% Proteobacteriais a major
Gram-negative phylum that includes Esberichia, Salmonella, and
Vibrio. Bacteroidota is a major Gram-negative phylum which
includes Prevotella and Capnocytophaga. Capnocytophaga was
increased in OSCC (25.33%) relative to the normal (23.70%).
This suggests that there is an increase in the relative abundance
of Gram-negative bacteria in oral pre-cancer and oral cancer.
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The most abundant genera identified in our study were
Streptococcus, 1 eillonella, Prevotella, Neisseria, Rothia, Fusobacteria,
Leptotrichia, Gemella, Alloprevotella, and Actinobacillus. The
genus Streptococcus belongs to Phylum Firmzicutes and is the
most predominant microorganism in a healthy oral cavity.
This study showed a significant decrease in the relative
abundance of Streptococcus in OSCC (11.71%) compared
to the normal (23.72%). This result is in accordance with
studies conducted by Su ¢# a/. in 202154 and Schmidt e a/.
in 2014.PY Neisseria showed an increase in leukoplakia and
OSMTF and a significant increase in OSCC, P value < 0.05
compared to normal. A study by Zhang ¢ a/. in 2020
concluded that Nezsseria was stable in both OSCC and
control accounting for 20% in both groups. According
to an article by Muto e a/. in 2000, Nezsseria could be a
source of carcinogenic acetaldehyde and therefore may play
a potential role in alcohol-related carcinogenesis.

Acetaldehyde is a proximal metabolite, classified as a
Group 1 carcinogen by the WHO?’s International Agency
for Research on Cancer. Elevated levels of acetaldehyde
in whole mouth fluid have been linked with increased risk
for cancers of the upper aero-digestive tract.””

This study showed a statistically significant difference in
the genus Hemophilus in normal and OSME The genus
Capnoeytophagawas also found to be increased in OSCC(4.45%0)
compared to the normal (0.73%) [Figure 6]. According to a
report by Mager ez al.,” the level of Capnocytophaga gingivalis
was significantly elevated in OSCC. This genus is a putative
periodontal pathogen and was abundantly seen associated
with recurrent cases of OSCC.P! Our study showed an
increase in the relative abundance of periodontal pathogens,
namely, Porphyromonas and Treponema in OSCC. Many
reports have shown the relationship between periodontal
bacteria and OSCC."! Periodontal disease is considered
as a risk factor for oral cancer. Inflammation, a hallmark
of cancer, plays a major role in periodontitis and mediates
carcinogenesis. Lipopolysaccharide synthesis, bacterial
chemotaxis, and flagella assembly by bacteria are associated
with inflammation in oral cancer.’ Lipopolysaccharide
endotoxin binds to the TLR receptor of leucocytes and
stimulates the production of cytokines such as IL.1-f3, IL-6,
and TNF-o.. The upregulation of these cytokines alters
different molecular and metabolic pathways which modulate
cell metabolism and proliferation.!"”

In this study, around 40 bacterial genera were identified
in relatively low abundance and unique to OSCC and not
found in normal and oral potentially malignant disorders.
Further research regarding the potential role of these
bacteria in low abundance should be considered.

The six genera found in most abundance were Streprococens,
Prevotella, Veillonella, Neisseria, Hemophilus, and Rothia.
Streptococcus 1s a facultative anaerobe, and Prevotella is an
obligate anaerobic bacteria. Neisseria is aerobic and a
primary colonizer of the oral cavity. The greater abundance
of aerobic, facultative, and obligate anaerobes suggests that
oxygen sensitivity plays a role in structuring the bacterial
diversity of the oral cavity. The diversity of the core
microbiome may provide a snapshot of the homeostasis,
and deviations from this core may be linked to diseases.!""!

This study interpreted variations in the composition of the
oral microbiome at phylum, family, and genus levels across
all study groups and generated a baseline data. Current
literature shows strong evidence suggesting the association
between oral microbiome and oral cancer.

The present study may set a foundation for future functional
microbiome research focussing on host—microbiome
interactions. Further studies are required to confirm the
association between oral microbiome and oral cancer.
Microbial signatures may serve as biomarkers for early
screening, assessing the risk of disease, diagnostics, and
treatment planning.

CONCLUSION

This study concludes that there are variations in the
composition of the oral microbiome in oral pre-cancer
and cancer. Oral microbiome diversity was found to be
reduced in pre-cancer and cancer, while inter-individual
variations were increased. These variations in the
composition of the oral microbiome may provide
signatures during the progression from normal to
pre-cancer to cancer, which may be used as biomarkers.
Bacterial taxa unique to OSCC may be the keystone
pathogens and, therefore, should not be ignored. To
understand which particular taxa may contribute to
tumorigenesis, an integrative omics approach is essential.
Longitudinal studies focussing on the assessment of
the microbiome before and after treatment should be
considered. The sample size which includes different
ethnicities, races, and geographical locations should be
preferred so that results may be generalised. The findings
of this study may provide new directives for further
research to study the linkages between oral microbiome
and oral pre-cancer and cancer.

Data availability
The raw data generated is available on NCBI- Sequence
Read Archive (SRA) under the Bioproject ID:
PRJNA1058875
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Table S1: Sequence statistics for Bio-informatics data analysis

Table S2: Bacterial genera detected only in Oral Squamous

Sample Id Input Filtered Merged Non-chimera Cell Carcinoma samples
reads reads reads reads Name of the taxa Relative abundance

Normal-1 95618 82872 79380 75355 Ezakiella 0.049425
Normal-2 95050 81853 76607 70638 Anaerococcus 0.055324
Normal-3 99342 85432 80344 70833 Escherichia/Shigella 0.036831
Normal-4 96460 85290 80279 77805 Finegoldia 0.013553
Normal-5 96955 86088 82762 68602 Pantoea 0.013943
Normal-6 111252 98238 90743 79015 Family_XIIl_AD3011_group 0.011344
Normal-7 114621 100821 93061 83801 Bilophila 0.008274
Normal-8 108768 96766 90083 81998 Morganella 0.004425
Normal-9 102579 92064 85350 66911 Odoribacter 0.003183
Normal-10 92720 83109 76996 63021 Succiniclasticum 0.007171
Leu-1 96162 86836 80416 67305 Lentibacillus 0.002796
Leu-2 98409 89927 82702 64970 Salinicoccus 0.002471
Leu-3 105786 91550 82588 71910 Sutterella 0.002341
Leu-4 99721 86271 82639 71799 Brucella 0.002496
Leu-5 97421 88451 82802 79000 Providencia 0.001581
Leu-6 94237 85986 79889 68882 Enterococcus 0.000635
Leu-7 101737 91234 87395 80996 Incertae_Sedis 0.001154
Leu-8 111384 95852 88233 80620 UCG-005 0.00078
Leu-9 238972 211517 195022 181025 Trueperella 0.000793
Leu-10 116427 106254 102450 96011 Faecalibacterium 0.00065
OSMF-2 107212 93593 87223 74705 Sphingobacterium 0.000668
OSMF-3 95489 84354 77181 68657 Acholeplasma 0.000721
OSMF-4 95268 85085 78271 70663 DNF00809 0.000353
OSMF-5 103061 92510 90518 88101 Erysipelatoclostridium 0.000577
OSMF-7 89282 82418 79701 72971 Oscillibacter 0.000666
OSMF-8 88324 79919 73753 69781 CAG-352 0.000538
OSMF-9 98971 89957 86522 84052 Clostridium_sensu_stricto_1 0.000445
OSMF-10 95849 84412 80211 76279 Chryseobacterium 0.000334
0SCC-1 91995 85274 82698 64385 Phascolarctobacterium 0.000193
0SCC-2 95961 88079 81123 69634 Dermabacter 0.000361
0SCC-3 94294 86865 79009 66103 Lachnospiraceae_NK4A136_group 0.00031
0SCC-4 89440 80784 72549 62195 Candidatus_Methanomethylophilus 0.000344
0OSCC-5 172791 152478 144937 124676 Schlesneria 0.000201
0SCC-6 96309 85830 81941 76611 Paenibacillus 0.00021
0SsCc-7 204196 181075 167458 153040 Agathobacter 0.000216
0SCC-8 83356 75342 68631 62537 Fournierella 0.00025
0SCC-9 90496 81064 75059 72792 Halomonas 0.00013
0OSCC-10 93033 85512 77743 61776 Acetobacter 0.00013
0OSCC-11 92064 80953 73990 62852 Paracoccus 0.000134
0SCC-13 101551 86096 83332 82248 Trichomonas 0.00014
0SCC-14 92924 84336 80649 77230
0SCC-15 93842 85382 81447 79642
0SCC-16 88993 81527 78573 77792
0SCC-17 93306 85173 81184 78753
0SCC-18 183654 165815 158352 143760
0SCC-19 132970 119675 114896 105167
0SCC-20 92611 84045 79739 75537

5030863 4493964 4216431 3802436

Total input reads — 5030863. Filtered reads — 4493964. Merged paired
reads — 4216431. Non-chimeric reads — 3802436



