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ABSTRACT

Cervical cancer is one of the most frequently occurring and deadliest gynaecologicalcancer
which develops in cervical cells. Since it develops in tissues lining the internalorgans it is a
Carcinoma. Human papilloma virus infection is found to top the list of carcinogenic factors.
Overexpression of certain proteins due to HPV integration in host body over a time can result in
carcinoma. However vaginal microbiota plays a key role in development, persistence and
progression of infections leading to diseasessuch as cervical cancer. Some recent studies have
revealed potential roles of microbiome in cervicovaginal diseases. Thus a comparative
metagenomic studyamong such samples can uncover microbial diversities present in these
samples. Dueto presence of highly conserved regions as well as hyper variable regions 16s
rRNA gene sequence is selected for identification and classification of bacterial diversity. For
the purpose of metagenomic analysis 16s rRNA gene sequences were analysed using QIIME
pipeline.

Keywords: 16s rRNA, metagenomics, microbiota, cervical cancer.

INTRODUCTION

Cervical cancer is one of the most frequently occurring and deadliest gynaecological cancer
whichdevelops in the cells of cervix [5]. Since it develops in tissues lining the internal organs
it is a Carcinoma. Normal cells undergo some changes due to some external factors or
mutations. The abnormal changes occurring in cervical cells are called Squamous
Intraepithelial Lesions (SIL). Cells become abnormal which can later result in cancer. These
conditions are also known as cervical intraepithelial neoplasia (CIN). Depending on the extent
of damage CIN can be CIN 1, CIN 2, or CIN 3 [6].

In both men and women, presence of Human papillomaviruses HPV is considered as a cause
for most of the sexually transmitted diseases. Papillomaviruses are reported as a causative
agent for many reproductive tract infections or STIs. Till now, on the basis of genomic
differences more than 200 types of HPV have been recognised.

Type 16, 18, 31 and 45 have been reported most commonly occurring in malignant cells of
cervical cancer. Type 16 accounting for about 50% of the cases. 99.7% of the cervical
squamous cell carcinoma cases worldwide have shown the implication of HPV.
Metagenomics is an unbiased and reasonable method of recognising and reviewing micro-
organisms within their environment and surroundings. Metagenomics has expanded the
scope of targeting microbes inducing various diseases and infections including different types
of cancers. The meta-genomic analyses of micro-organisms customarily aids in recognizing
the microbial communities in samples and their evolutionary relationships. Genetics,
environmental factors, lifestyle collectively cause different diseases. One such factor for
causing different types of cancersis presence of different microbial communities in different
proportions in an individual.

A healthy vaginal microbiota mainly includes Lactobacillus spp., which upholds vaginal
wellbeingby dropping pH in vagina by secreting lactic acid. Bacterial Vaginosis (BV) can result
in the lossof inherent Lactobacillus spp. Also promotes over-population of anaerobic bacteria
which can cause inequity in vaginal microbiome allied with various health issues like vaginal
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discharge syndrome, poor pregnancy outcomes, pelvic inflammatory disease, post-operative
wound infections. The frequency of Bacterial vaginosis makes a person more susceptible to
HPV infectionPersistent HPV infection is the cause for the development and progression of
cervical cancer to ahigher grade. Study conducted among women with and without HPV
infection uncovers the presence of Lactobacillus in healthy women in abundace. Some other
studies reveal low frequencyof Lactobacillus spp. and notable presence of Fusobacteria spp.,
including Sneathia spp. in HPV positive cases [17,18].

Materials and methods

2.1 Data retrieval
Based on literature study raw sequence files were downloaded from NCBI — SRA by using key
word, Cervical” (https://www.ncbi.nlm.nih.gov/sra/?term=cervical).

Homo sapiens

SRR6505152 Positive -
Homo sapiens
2 SRR6505153 Negative V4 -
Homo sapiens V3 &V4 No cervicallesion
3 SRR3109486 Positive
4 Homo sapiens SRR3109483 Negative V3 &V4 Healthy
Homo sapiens V3 &V4 Cervicalcancer
5 SRR3109479 Positive
Homo sapiens V3 &V4
6 SRR3109471 Positive SIL
No bacterial
Human V3 &V4 vaginosis
7 metagenome SRR7225960 Positive
8 Human SRR7225958 Positive V3 &V4 Bacterial
metagenome vaginosis
Human V3 &V4 No bacterial
) metagenome SRR7225944 Negative vaginosis
Human V3 &V4 Bacterial
10 metagenome SRR7225943 Negative vaginosis
Human
reproductive V4 &V5
11 system ERR1684337 - Healthy
metagenome
Human
reproductive
system V3 &V4
12 metagenome SRR3506081 Positive Normal
=
Human é’
reproductive V3 &V4 4
13 system SRR3504686 Positive CIN 1 =
metagenome g
Human 2‘
reproductive 2
system V3 &V4 5
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14 metagenome SRR3504755 Positive CIN 2
Human
reproductive V3 &V4

15 system SRR3504954 Positive CIN 3
metagenome

Table 1 Data selected from various sources

2.2 Qality Filtering

Raw files downloaded in Sra format were converted to Fastq format using Sratoolkit version
2.9.2-ubuntu 64. Paired end fastq files were split into two files by using command fastqg-
dump -split- files. Quality check of these files was done by using FastQC v_11.8 tool [27].

2.3 Merge paired end reads
By using FLASH_1.2.11 the paired end files were merged.

2.4 High quality reads

The files obtained after using FLASH were again processed for Quality check so as to obtain
onlyhigh quality data. The poor quality reads were trimmed by using trimmomatic software
[28]. In some samples few reads were removed by using a PERL Script.

2.5 QIIME installation

Qiime includes python cod and some additional packages. For Mac OS environment
MacQIIME can be used. QIIME virtual box can be installed for windows and linux
environments. QIIME canbe installed by using Miniconda. Command based installation is
done.

2.6 Steps to run QIIME pipeline are as follows:

2.6.1 Quality control

It involves generating a mapping file, validate mapping file and demultiplexing of sequence.
Quality is checked by FastQC.

Demultiplexxing of data is done by using _split_libraries and for FastQ files _fastq.py is used.

2.6.2 Chimera Removal

It involves identification of chimeric sequences and filtration of chimeric and non chimeric
sequences. First a Usearch61 file is generated. USEARCH61 performs reference based
chimera detection as well as de novo chimera detection on the basis of abundances of input
sequences [24,25].

2.6.3 OTU clustering
Sequences are clustered in into operational taxonomic units (OTU).QIIME provides different
strategies for OTU clustering [24,25].

264 Selecting a representative sequence & Assign Taxonomy
Assignment of taxonomy to OTU representative sequences is included as a default step in the
open-reference OTU-picking workfl ow. QIIME uses curated database to assign taxonomy
when it uses closed-reference OUT-picking approach. Behaviour of taxonomy assignment can
bechanged by using parameters with the script assign_taxonomy.py.

2.6.5 Generate taxa Summary tables

OTU table file will be generated by _otu_table. By using this file downstream analysis is done.
Inthis step out table is created, OTUs are filtered, taxonomy summary is generated and taxa
plot arealso generated [25,26].
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RESULTS

Source 1 HPV negative

Genus: 1.0 (of 1.0) from 20 categories displayed

k_Archaea;p_Euryarchaeota;c_ Halobacteria;o__Halobacteriales;f_Halobacteriaceagq_
k_Bacteria;p_Actinobacteria;c_ Actinobacteria;o_Actinomycetales;f_Actinomycetaceae;q_Mobiluncus
k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia,o_Bacteroidales,’_Bacteroidaceas;g_Bacteroides

k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o__Bacteroidales,f_Porphyromonadaceae;g_Porphyromonas
k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o__Bacteroidales,T_Prevotellaceae;g__Prevotella

k_Bacteria;p_ Bacteroidetes;c_ Bacteroidiao_Bacteroidales,f_524-T.g_

k_Bacteria;p_Firmicutes;c_ Bacilli;o_Bacillales;f_Planocaccaceae;Other

k_Bacteria;p_Firmicutes;c_ Clostridia;o_Clostridiales;f_g_

k_Bacteria;p_ Firmicutes,c_ Clostridia;o_Clostridiales;f_Lachnospiraceae;g_Moryella

k_Bacteria;p_ Firmicutes,c_ Clostridia;o_Clostridiales;f_Peptostreptococcaceas;g_Peptostreptococcus
k_Bacteria;p_Firmicutes;c_ Clostridia;o_Clostridiales;f_Veillonellaceae;q_ Dialister

k_Bacteria;p_Firmicutes,c_ Clostridia;o_ Clostridiales;f_[Tissierellaceae];0_ Anaerococcus

k_Bacteria;p_ Firmicutes,c_ Clostridia;o_Clostridiales;f_[Tissierellaceae];0_Finegoldia

k_Bacteria;p_ Firmicutes,c_ Clostridiao_Clostridiales;f_[Tissierellaceae];g_Peptoniphilus

k_Bacteria;p_ Firmicutes;c_ Erysipelotrichi;o__Erysipelotrichales;f_Erysipelotrichaceae;g_ Bulleidia

k_Bacteria;p_ Fusobacteria;c_ Fusobacteriia;o_ Fusobacteriales;f Fusobacteriaceas;n  Fusobacterium
k_Bacteria;p_ Proteobacteria;c_ Epsilonp bacteria;o_ Campylobacterales,f_Campy teraceas;g_ Campylobacter
k_Bacteria;p_ Protecbacteria,c_ Gammaproteobacteria;o_Oceanospirillales;f_Halomonadaceae;g_Halomonas
k_Bacteria;p_ Protecbacteria,c_ G p teria;o_Pseud f
All Other Categories

F T adaceas;q_Pseud 1a:

Figure 1 bacterial diversity in HPV negative sampe
Source 1 HPV positive

Genus: 1.0 (of 1.0) from 20 categories displayed

B |nassigned,Other,Other;Other; Other,Other
k_Bacteria;p_ Actinobacteria;c_ Actinobacteria;o_ Actinomycetales;f_Actinomycetaceae;g_Mobiluncus
k_Bacteria;p_ Bacteroidetes;c_Bacteroidia;o_Bacteroidalesif_;q_
k_Bacteria;p_Bacteroidetes;c_ Bacteroidia;o_Bacteroidales;f_Porphyromenadaceae;g_ Porphyromonas
W k_Bacteria;p_Bacteroidetes;c_Bacteroidia;o_Bacteroidales;?_Prevotellaceae;g_Prevotella
k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o__Bacteroidales,f_524-Tig_
B | Bacteria;p_Firmicutes;c_ Clostridiao_Clostridiales;f_Lachnospiraceae;g
k_Bacteria;p_Firmicutes;c_ Clostridizjo_ Clostridiales;f_Lachnospiraceae;g_ Moryella
k_Bacteria;p_Firmicutes;c_ Clostridia;o_Clostridiales;f_Ruminacoccaceae;q_Oscillospira
W k_Bacteria;p_Firmicutes;c_ Clostridiajo_Clostridiales;f_Veillonellaceae;q_Dialister
k_Bacteria;p_Firmicutes;c_ Clostridiaio_Clostridiales;f_[Tissierellaceaslig_
k_Bacteria;p_Firmicutes;c_ Clostridizo_ Clostridiales;f_[Tissierellaceae],g_Anaerococcus
W |_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_[Tissierellaceae];g_Peptoniphilus
W k_Bacteria;p_Firmicutes;c_ Clostridiajo_Clostridiales;f_[Tissierellaceael;g_ WAL 1855D
B |_Bacteria;p_Firmicutes;c_Erysipelotrichi;o_Erysipelotrichales;f_Erysipelotrichaceae;g_Bulleidia
B | Bacteria;p_Fusobacteria;c_ Fusobacteriia;o_Fusobacteriales;f_Fusobacteriaceae;g_Fusobacterium
|
-
|

k_Bacteria;p_Protenbacteria;c_ Epsilonprotecbacteria;o_ Campylobacterales,’_Campy teraceae;q_Campylobacter

k_Bacteria;p_Proteabacteria;c_ Gammaproteobacteria;o_Pseudomonadales;f_Pseudomonadaceae;g_Pseudomonas
k_Bacteria;p_Synergistetes;c_ Synergistia;o_ Synergistales;f_Dethiosulfovibrionaceae;g_Pyramidobacter
All Other Categories

Figure 2 Bacterial diversity in HPV positive sample

Source 2 Cervical cancer

Genus: 1.0 (of 1.0) from 20 categories displayed B Unassigned;Cther, Other, Other,Other, Other

B | Bacteria;p_Actinobacteria;c_Actinobactenizio_Actinomycetales;t_Actinamycetaceae;q_Arcanobacterium

B | Bacteriap Actinobacteriz;c_Actinobacterizio_Bifidobacterialesf_Bifidobacteriaceae Other
k_Bacterizip_Bacteroidetes;c_Bacteroidia.o_Bacteroidales;_Bacteroidaceas;q_Bacteroides
k_Bacteria;p_Bacteroidetes;c Bacteroidizo_Bacteroidales Prevotellaceaeg_Prevotella
k_Bacterizip_Ffirmicutes;c_Bacillio_Lactobacillales;’_Camobacteriaceag,g Granulicatella

W _Bacteria;p_Firmicutes,c_Bacilio_Lactobacillales;f_Streptococcaceae;q_Streptococcus

W | Bacterig;p_fimmicutesc_Clostridiaio_Clostridiales;?_Lachnospiraceaei

W | Bacteria;p_firmicutes,c_Clostridia;o_Clostridiales;f_Lachnospiraceae;g_Dorea

Wk Bacteria;p_Fimicutes,c_Clostridizio_Clostridiales;_Peptostreptococcacea;q_Peptostreptococcus
k_Bacteria;p_Firmicutes,c_Clostridia;o_Clostridiales;_Ruminococcaceae;y_Oscillospira

I k_Bacteria;p_firmicutes;c_Clostridiaio_Clostridiales;f_Veillonellaceag;g_Dialister

k_Bacteria;p_Firmicutes,c_Clostridia;a_Clostridiales;f_[Tissierellaceael,g_ E

k_Bacterig;p_fimicutesc_Clostridiao_Clostridiales;f_[Tissierellaceagl,g_Parvimonas .8

W _Bacteria;p_firmicutes,c_Clostridia;o_Clostridiales;f_[Tissierellaceae],q_Peptoniphilus a

k_Bacteria;p_Fusobacteriac_Fusobacteriiaio_Fusobacteriales;’_Fusobacteriaceae;g _Fusobacterium =

k_Bacteriaip_Proteobacteriaic_Epsilonproteobacteniaio_Campylobacteralest Campylobacteraceag,g_Campylobacter g..

W | Bacteria;p_Proteobacteriaic_Gammaproteobacteria;o_Pseudomonadales;’_Pseudomonadaceae;g_Pseudomonas 8_

| Bacteria;p_TenericutesicMollicutesio_Mycoplasmatalest_MycoplasmataceaggMycoplasma °

=

Figure 3 Bacterial diversity in cervical cancer sample ’-;,
N
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Source 2 negative healthy

Genus: 1.0 (of 1.0) from 3 categories displayed

B Unassigned;Cther,Other,Dther, Other,Other
B | Bacteria;p_Fimicutes;c_Bacillio_Lactobacillales;f_Lactobacillaceag;q_Lactobacillus
I | Bacteriap_Firmicutes;c_Clostridiajo_Clostridiales;f_[Tissierellaceae]g_Finegoldia

Figure 4 Bacterial diversity in HPV negative and healthy sample

Source 2 no lesion positive

Genus: 1.0 (of 1.0) from 2 categories displayed

I Unassigned Qther;Other,Other,Other, Other
W | Bacteriap_Firmicutes;c_Bacilio_Lactobacilalesy_Lactobacilzceaeiq_Lactabacilus

Source 2 SIL
Figure 5§ Bacterial diversityin HPV posituve sample without lesion

Genus: 1.0 (of 1.0) from 19 categories displayed

B |_Bacteria;p_Actinobacteria;c_Actinobacteria;o_Actinomycetales;f_Brevibacteriaceae;g_Brevibacterium

B |_Bacteria;p_Actinobacteria;c_Actinobacteria;o_Actinomycetales;f_Intrasporangiaceae;Other

BN k_Bacteria;p_Actinobacteria;c_Actinobacteria;o_Bifidobacteriales;f_Bifidobacteriaceae;Other

BN | Bacteria;p_ Actinobacteria;c_ Actinobacteria;o_ Bifidobacteriales;?_Bifidobacteriaceae;g_ Gardnerella

W | Bacteriap_Actinobacteria;c_ Actinobacteria,o_Bifidobacteriales,f_Bifidubacteriaceacig_

k_Bacteria;p_Actinobacteria;c_Coriobacteriia;o_Coriabacteriales;f_Coriobacteriaceaeig_
k_Bacteria;p_Bacteroidetes;c_Flavobacteriis;o_Flavobacteriales,f _Flavabacteriaceaeig_Capnocytophaga
k_Bacteria;p_ Firmicutes;c_ Barillio_ Lactobacillales;f_actobacillaceae;g_ Lactobacillus

W k_Bacteria;p_Firmicutes,c_Barillio_Lactobacillales;f_Streptococcaceae;n_Streptococcus

B | Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_Lachnospiraceae;g_ Shuttleworthia

W i Bacteria;p, F\rmicutes.c:c\ostridia‘n_clos(r\diaIes‘f_Peumstreptucoccaceae,g_Fi\ifactur
Wmm k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_F occaceae;g_Pepl
k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_Veillonellaceae;g_Dialister

k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_Veillonellaceag;g_Veillonella

k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_[Tissierellaceae];g_Parvimonas
k_Bacteria;p_Fusobacteria;c__Fusobacteriia;o_Fusobacteriales;f__Fusobacteriaceae;g_ Fusobacterium
k_Bacteria;p_Protesbacteria;c_Epsilonproteshacteria;o_Campylobacterales;f_Campylobacteraceae;g_Campylobacter
k_Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f_Enterobacteriaceas;g_
k_Bacteria;p_Tenericutes;c_ Mollicutes;o_Mycoplasmatales;f_Mycoplasmataceae;q_ Mycoplasma

Figure 6 Bacterial diversity in SIL sample
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Source 3 HPV negative BV negative

Genus: 1,0 (of 1.0) from 20 categories displayed

Unassigned;Other;Other,Other;Other, Other
k_Bacteria;p_Actinobacteria;c_Actinobacterizjo_Actinomycetales,f_Corynebacteriaceae;g_Corynebacterium
)_Actinobacteria;c_ Actinobacteria;o_ Bifidobacteriales;f_Bifidobacteriaceae;Other

. _Bactervidetes;c_Bacteroidiaio__Bacteroidales;f_Prevotellaceae;g_Prevotella

k_Bacteria;p_ Bactercidetesic_ Flavobacteriiaio_Flavobacteriales;f_Flavobacteriaceaeig
.0_Bactercidetes;c_Sphingebacteriiaic_! teriales; _ cteriaceag;g_Pedobacter
. Bacillio_Lactobacillalesif_Lactobacillaceae;g_ Lactobacillus
_Clostridia;o_Clostridiales;f_Clostridiaceae;g_Clostridium

+c_ Clostridia;o_ Clostridiales;f_Veillonellaceaeig_ Dialister
_Clostridia;o_Clostridiales;f_|[Tissierellaceae],g_Anaerococcus

. Clostridia;o_ Clostridialesif _[Tissierellaceae],g_ Pepteniphilus
_Firmicutesic_Clostridiaio_Clostridiales;f_[Tissierellaceas],g_ WAL 1855D

;p_Fusobacteria;c_ Fusobacteriia;o__Fusobacteriales;T_Leptotrichiaceae;g_Sneathia
_Proteobacteria;c_ Alphaproteabacteriaio_Caulobacterales;f _Caulobacteraceasig

_Prateabacteria;c_Alphaproteobacteria;o_Rhizobialesif_Phyllobacteriaceae;g_Phyllobacterium
_Proteobacteria;c_| cterizio_|  C eae;g_Delftia
_Prateabacteria;c_( teria,o_t 7

_Proteobacteria;c_ teriaio_| _Pseudomonadaceae;q_Pseudomonas
k_Bacteria;p_Proteobacteria;c_( terizo_Xantt
All Other Categories

eae,g_St

Figure 7 Bacterial diversity in HPV negative and BV negative sample

Source 3 HPV negative BV positive

Genus: 1.0 (of 1.0) from 20 categories displayed

Unassigned,Other; Other; Other, Other,Other

k_Bacteria;p_ Actinobacteria;c_ Actinobacteria;o Actinomycetales;f Actinomycetaceae;g Mobiluncus
k_Bacteria;p_ Actinobacteria;c_ Actinobacteria;o_ Bifidobacteriales;f_ Bifidobacteriaceas;Other
k_Bacteria;p_ Actinobacteria;c_ Coriobacteriia;o_ Coriobacteriales;f Coriobacteriaceae;g  Adlercreutzia
k_Bacteria;p_ Actinobacteria;c_ Coriobacteriia;o_ Coriobacteriales;f Coriobacteriaceae;g_ Atopobium
k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o_ Bacteroidales;f_Prevotellaceae;g_Prevotella

k_Bacteria;p_ Bacteroidetes;c_ Flavobacteriia;o_ FlavobacterialesifFlavobacteriaceae;g

k_Bacteriajp_ Bacteroidetes;c_ Sphingobacteriia;o_ Sphingobacteriales;f_Sphingobacteriaceae;g_ Pedobacter
k_Bacteria;p_ Firmicutes;c_ Bacillijo_Gemellales;f _Gemellaceae;g  Gemella

k_Bacteria;p_ Firmicutes;c  Bacillijo_ Lactobacillales;f_Aerococcaceae;g_ Aerococcus
k_Bacteria;p_ Firmicutes;c Bacillije_ Lactobacillales;f_Lactobacillaceae;g_ Lactobacillus
k_Bacteria;p_Firmicutes;c_ Clostridia;o_Clostridiales;f_Clostridiaceae;q_ Clostridium
k_Bacteria;p_Firmicutes;c_ Clostridia;o_Clostridiales;f_Veillonellaceae;g_ Dialister
k_Bacteria;p_Firmicutes;c_ Clostridiajo_Cl iales;f_Veil eae;g_| a
k_Bacteria;p_Firmicutes;c_ Clostridiajo_Cl iales;f_Veil eae;g_\

k_Bacteria;p_Firmicutes;c_ Clostridia;o_Clostridiales;f_[Tissierellaceas],g_Parvimonas

k_Bacteria;p_ Fusobacteria;c_ Fusobacteriia;o__Fusobacteriales;f_Leptotrichiaceae;g_Sneathia
k_Bacteria;p_Proteobacteria;c_Alphaproteobacteria;o_ Caulobacterales;f_Caulobacteraceae;q_
k_Bacteria;p_ Proteobacteria;c_Gamm teria;o__Psel f_ eae;g_Pseudomonas
All Other Categories

Figure 8 Bacterial diversity in HPV negative and BV positive sample

Source 3 HPV positive BV negative

Genus: 1.0 (of 1.0) from 20 categories displayed

Unassigned;Other; Other;Other;Other;Other
k_Bacteria;p_ Actinobacteria;c_ Actinobacteria;o_ Bifidobacteriales.f_Bifidobacteriaceae;Other

k_Bacteria;p__Actinobacteria;c__ Coriobacteriia;o__Coriobacteriales;f_Coriobacteriaceae;g_Atopobium
k_Bacteria;p__Bacteroidetes;c_ Bacteroidia;o__Bacteroidales;f_Prevotellaceae;g_ Prevotella
k_Bacteria;p__Bacteroidetes;c_ Bacteroidia;o__Bacteroidales;f_524-T.g__

BN k_Bacteria;p__Firmicutes;c_ Bacilli;o__Gemellales;f_Gemellaceae;g__Gemella
B k_Bacteria;p__Firmicutes;c__ Bacilli;o__Lactobacillales;f__Aerococcaceae;g_ Aerococcus
BN k_Bacteria;p_Firmicutes;c_ Bacillio_Lactobacillales;f_Lactobacillaceae;g_ Lactobacillus
BN k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_Clostridiaceae;g_ Clostridium
B k_Bacteria;p__Firmicutes;c__ Clostridia;o_Clostridiales;f__Lachnospiraceae;g__Shuttleworthia
B k_Bacteria;p__Firmicutes;c_ Clostridia;o_Clostridiales;f__Peptostreptococcaceae;g__Peptostreptococcus
W k_Bacteria;p_Firmicutes;c_ Clostridia;o_Clostridiales;f_Veillonellaceae;g_Dialister
Bmm k_Bacteria;p__Firmicutes;c_ Clostridia;o_CE f_ eaeig_| a
k_Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__[Tissierellaceae].g__Parvimonas
BN k_Bacteria;p__Fusobacteria;c__Fusobacteriia;o__Fusobacteriales;__Fusobacteriaceae;g_Fusobacterium
W k_Bacteria;p__Fusobacteria;c__Fusobacteriia;o__Fusobacteriales;f__Leptotrichiaceae;g_Sneathia =
k_Bacteria;p__Proteobacteria;c__Alphaprotecbacteria;o_Rickettsiales;f_ig__ :
Emm k_Bacteria;p__Tenericutes;c_ Mollicutesio_Myc F_Myce eaeig_ ]
EEm k_Bacteria;p__Tenericutes;c_ Mollicutesio_Myc F_Myce eae;g_L na I
All Other Categories Q
5.
, , , L g , g
Figure 9 Bacterial diversity in HPV positive and BV negative sample 8
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Source 3 HPV positive BV positive

Genus: 1.0 (of 1.0) from 20 categories displayed

k_Bacteria;p_ Actinobacteria;c_ Actinobacteria;o_ Actinomycetales;f_Actinomycetaceae;g_ Maobiluncus
k_Bacteria;p_ Actinobacteria;c_ Actinobacteria;o_ Bifidobacteriales:f_Bifidobacteriaceae; Other
_ Actinobacteria;c_ Coriobacteriia;o_ Coriobacteriales;f_Coriobacteriaceas;g_ Atopobium

k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o_Bacteroidales;f_;g_

k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o_Bacteroidales;f_Porphyromenadaceae;g_ Porphyromonas
k_Bacteria;p_ Bacteroidetes;c_ Bacteroidiajo_Bacteroidales;f_Prevotellaceae;g__Prevotella
k_Bacteria;p_Firmicutes;c_ Clostridiao_Clostridialesif_Clostridiaceae;g_ Clostridium
k_Bacteria;p_Firmicutes;c_ Clostridiajo_Clostridialesif_Lachnospiraceae;g_Moryella
k_Bacteria;p_Firmicutes,c_ Clostridiajo_Clostridialesif_Lachnospiraceae;g_Shuttleworthia
k_Bacteria;p_Firmicutes;c_ Clostridiajo_ Clostridialesif_Weillonellaceae;g_Dialister
k_Bacteria;p_Firmicutes;c_ Clostridiajo_Clostridialesif_Veillonellaceae;g_ Megasphaera
k_Bacteria;p_Firmicutes;c_ Clostridiajo_Clostridialesif_[Tissierellaceae];g_1-68
k_Bacteria;p_Firmicutes;c_ Clostridiajo_Clostridialesif_[Tissierellaceae];g__Parvimonas
k_Bacteria;p_Firmicutes;c_ Clostridiajo_Clostridialesif_[Tissierellaceae];g__Peptoniphilus

_ Firmicutes;c_ Clostridia;o_ Clostridiales;f_ [Tissierellaceae];,g_ WAL_1855D
k_Bacteria;p_Fusobacteria;c__Fusobacteriia;o_Fusobacteriales;f_Leptetrichiaceae;g_ Sneathia
k_Bacteria;p_Proteobacteria;c_ Betaproteobacteriz;o_Burkhelderialesif_Alcaligenaceas;g_ Sutterella
__TM7ic_TM7-3;0_I025;f_Rs-045,g_

k_Bacteria;p_ Tenericutes;c_ Mollicutes;o_ Mycoplasmatales;f_Mycoplasmataceae;g_ Mycoplasma

All Other Categories

Figure 10 Bacterial diversity in HPV positive and BV positive sample

Source 4 healthy normal

Genus_sourcel9.cv: 1.0 (of 1.0) from 20 categories displayed

m Unassigned;Other;Other;Other; Other; Other

WM Bacteria;p_ Actinobacteria;c_ Coriobacteriia;o_ Coriobacteriales;f_Coriobacteriaceas;g__

WEN | Bacteria;p_Bacteroidetes;c_ Bacteroidiajo_Bacteroidales;f_Prevotellaceas;g_Prevotella
k_Bacteria;p_Firmicutes;c_ Bacillio_ Lactobacillales;f_Enterococcaceae;g_Enterococcus
k_Bacteria;p_Firmicutes;c_ Bacillio_ Lactobacillales;f_Enterococcaceae;g_ Vagococcus
k_Bacteria;p_Firmicutes;c_ Bacillio_ Lactobacillales;f_Lactobacillaceae;g_ Lactobacillus
k_Bacteria;p_Firmicutes;c_ Bacillio_ Lactobacillales;f_Streptococcaceas;g_Streptococcus
k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_Clostridiaceae;g_ Clostridium

k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_Ruminococcaceasig_

k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_Veillonellaceae;g_ Megasphaera
k_Bacteria;p_Firmicutes;c_ Clostridiajo_Clostridiales;f_[Tissierellaceas]:Other

k_Bacteria;p_ Firmicutes;c_ Clostridiajo_ Clostridiales;f_[Tissierellaceae]:g_ Parvimonas

k_Bacteria;p_ Fusobacteria;c_ Fusobacteriia;o_ Fusobacteriales;f _Leptotrichiaceae;g_ Sneathia

k_Bacteria;p_ Proteobacteria;c_ Alphaproteobacteria;o_ Rhizobiales;f_Brucellaceae;g_ Ochrobactrum
k_Bacteria;p_ Proteobacteria;c_ Alphap teria;o_! nadales;f__Sphing eae;g_5
k_Bacteria;p_ Proteabacteria;c_ Gammaprotzabacteria,o_ Alteromonadales;f _Shewanellaceae;g_ Shewanella
k_Bacteria;p_ Proteobacteria;c_ Gamm teria;o_ Psel f_Moraxellaceae;g_ Acinetobacter
k_Bacteria;p_ Proteobacteria;c_ Gamm teria;o_ Psel f \adaceae;g_ Pseudomonas
k_Bacteria;p_ Proteobacteria;c_ Gammaproteobacteria,o_ Xanthomenadales;f_Xanthomonadaceae;q_

All Other Categories

Source 5CIN 1
Figure 11 Bacterial diversity in Healthy normal sample

Genus: 0.926196867349 (of 1.0) from 19 categories displayed

Unassigned;Other; Other,Other,Other,Other

k_Archaea;p_ Crenarchaeota;c_ Thaumarchasota;o Cenarchaeales;f SAGMA-Xig

k_Bacteria;p_ Acidobacteria;c_ Acidobacteriao_ Acidobacteriales;f_Koribacteraceae;g

k_Bacteria;p_ Actinobacteria;c_ Actinobacteria;o_ Actinomycetales;fPropionibacteriaceas;g_ Propionibacterium
k_Bacteria;p_Actincbacteria;c_ Actinobacteria;o_ Bifidobacteriales;f_Bifidobacteriaceae;Other
k_Bacteria;p__Actinobacteria;c_ Coriobacteriia;o__Coriobacteriales;f_Coriobacteriaceas;g_
k_Bacteria;p_Bacteroidetes;c_ Bacteroidia;o__Bacteroidales;f_Prevotellaceae;g_Prevotella
k_Bacteria;p__Firmicutes;c_ Bacilli;o_Lactobacillales;f__Aerococcaceae;g_Aerococcus

k_Bacteria;p_ Firmicutes;c_ Bacillio_ Lactobacillales;f_Lactobacillaceae;g_Lactobacillus
k_Bacteria;p__Fusobacteria;c__Fusobacteriiajo_Fusobacteriales;f_Leptotrichiaceae;g_ Sneathia
k_Bacteria;p_Gemmatimonadetes;c_ Gemm-Lo_;f ;g_

k_Bacteria;p_ Protecbacteria;c_ Alphaproteobacteria;o Rhizobiales;f Hyphomicrobiaceae;g Rhodoplanes
k_Bacteria;p_ Proteobacteria;c_Alphaproteobacteria;o_ Rhodospirillales;f_Rhodospirillaceae;g__
k_Bacteria;p_ Protecbacteria;c_ Betaproteobacteria;o_ Burkholderiales;fComamonadaceasig
k_Bacteria;p_Protecbacteria;c_ Deltaproteobacteria;o_ Myxococcales;f ;g

k_Bacteria;p_ Protecbacteria;c_ Deltaproteobacteria;o Syntrophobacterales;f Syntrophobacteraceaeig
k_Bacteria;p_Proteabacteria;c_ Gammapi teria;o_A wadales;f_Shewar eae;g_ Shewanella
k_Bacteria;p__Protecbacteria;c_ Gammaprateobacteriao_Enterobacteriales;f_Enterobacteriaceasig__
k_Bacteria;p_ Proteobacteria;c_ Gammaproteobacteria;o_ Oceanospirillales;f_Halomonadaceae;g_ Halomonas
All Other Categories

sdny

Figure 12 Bacterial diversity in CIN 1 sample
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Source 5 CIN 2

Genus: 1.0 (of 1.0) from 20 categories displayed Unassigned;Other; Other;Other;Other;Other

k_Bacteria;p__Actinobacteria;c__Actinobacteria;o_ Actinomycetales;_Corynebacteriaceae;g_ Corynebacterium
k_Bacteria;p_Actinobacteria;c_ Actinobacteria;o_Bifidobacteriales;f_Bifidobacteriaceae;Other
k_Bacteria;p_Actincbacteria;c_ Coriobacteriia;o_Coriobacteriales;f_Coriobacteriaceae;g_

k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o_Bacteroidales;T_Prevotellaceas;g_Prevotella
k_Bacteria;p_Firmicutes;c_ Bacilli;o__Gemellales;f_Gemellaceae;g_ Gemella
k_Bacteria;p_Firmicutes;c_Bacilli;o_Lactobacillales;t_Lactobacillaceae;g_Lactobacillus

k_Bacteria;p_ Firmicutes;c_ Bacilli;o_Lactobacillales;f_Streptococcaceas;g_ Streptococcus
k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Veillonellaceae;q_ Dialister

k_Bacteria;p_ Firmicutes;c_ Clostridia;o_ Clostridiales;_Vei eae;q_| a
k_Bacteria,p_Firmicutes,c_ Clostridia,o_ Clostridiales;i_ [Tissierellaceae],g_Anaerococcus

k_ Bacteria;p__Firmicutes;c_ Clostridia;o_ Clostridiales;f_ [Tissierellaceae];g_ Finegoldia
k_Bacteria;p_Firmicutes;c_ Clostridia;o_Clostridiales;f_[Tissierellaceae];g_Peptoniphilus
k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_ [Tissierellaceae];g_WAL_1855D

k_Bacteria;p_ Protecbacteria;c_ Betaproteobacteria;o_Burkholderiales;f_Comamenadaceasig__
k_Bacteria;p_Protecbacteria;c_ Gammaproteobacteria;o_Alteromenadales;_Shewanellaceae;g_Shewanella

k_Bacteria;p_ Protecbacteria;c_ Gammaproteobacteria;o_Enterobacteriales;f_Entercbacteriaceas;ig__

k_Bacteria;p_ Protecbacteria;c_ Gammaproteobacteria;o_ Oceanospirillales;f_Halomeonadaceae;g_Halomaonas
k_Bacteria;p_Tenericutes;c_ Mollicutes;o_ Myc F_Mycopl taceae;g_ Mycoplasma
All Other Categories

Source 5 CIN3
Figure 13 Bacterial diversity in CIN 2 sample

Genus: 1.0 (of 1.0) from 20 categories displayed

B Unassigned;Other,Other;Other;Other,Other
BN |_Bacteria;p_Actinobacteria;c_ Actinobacteriz;a_Actinomycetales;f_Corynebacteriaceae;g_Corynebacterium
BN k_Bacteria;p_Actinobacteria;c_ Actinobacteriz;o_Bifidobacteriales;f_Bifidobacteriaceas;Other
k_Bacteria;p_ Actinobacteria;c_ Coriobacteriia;o__Coriobacteriales;_Coriobacteriaceae;g_
k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o__Bacteroidales;f_Prevotellaceae;g_Prevotella

W k_Bacteria;p_Bacteroidetes;c_ Bacteroidia;o_Bacteroidales;f_Rikenellaceas;g__
k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o_Bacteroidales;f_524-T,g_

B | Bacteria;p_Firmicutes;c_ Bacillio_Bacillales;f_Staphylococcaceas;g_ Staphylococcus

B | Bacteria;p_Firmicutes;c_Bacillio_Lactobacillales;f_Lactobacillaceae;g_ Lactobacillus

W k_Bacteria;p_Firmicutes;c_ Bacillio_ Lactobacillales;f_Streptococcaceas;g_Streptococcus

B | Bacteria;p_Firmicutes;c_ Clostridia;a_Clostridiale: _

W k_Bacteria;p_Firmicutes;c_ Clostridia;a_Clostridiales;f_Lachnospiraceae;q_ Shuttleworthia
k_Bacteria;p_Firmicutes;c_ Clostridia;a_Clostridiales;f_' eas;n_ M h

B |_Bacteria;p_Firmicutes;c_ Clostridia;a_Clostridiales;_[Tissierellaceae];g_ Finegoldia
k_Bacteria;p_Proteabacteria;c_ Epsilonprotenbacteria;a_Campylobacterales;f_Helicobacteraceaeig_
k_Bacteria;p_Proteabacteria;c_G bacteria;o_Al dales;f_Shewanellaceae;g_Shewanella

B k_Bacteria;p_Proteabacteria;c_G bacteria;o_Oc iri f_Halomonadaceae;g_Halomonas

BN k_Bacteria;p_Tenericutes;c_ Mollicutes;o_ Myc f_Mycopl taceae;g_Mycoplasma

B |_Bacteria;p_Tenericutes;c_ Mollicutes;o_ Myc f_Mycopl taceae;g_Ureaplasma

All Other Categories
Figure 14 Bacterial diversity in CIN 3 sample

Source 5 Control

Genus: 1.0 (of 1.0) from 20 categories displayed

m Unassigned,Other,Other,Other;Other, Other

BNk Bacteria;p_ Actinobacteria;c_ Actinobacteria;o_ Bifidobacteriales,f_Bifidobacteriaceae;Other

W k_Bacteria;p_Actinobacteria,c_ Coriobacteriia;o_Coriobacteriales;f_Coriobacteriaceasig__

W |k Bacteria;p_Bacteroidetes;c_ Bacteroidia;o_ Bacteroidales;f _Prevotellaceae;g_ Prevotella

W k_Bacteria;p_Firmicutes,c_ Bacillio_Lactobacillales,f_Aerococcaceaeg_Aerococcus

W k_Bacteria;p_Firmicutes;c_ Bacilliio_Lactobacillales;f_Lactobacillaceae;g_Lactobacillus

W k_Bacteria;p_Firmicutes.c_ Bacillio_Lactobacillalesf_ Streptococcaceaeig_Streptococcus
k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales;f_ig_

S k_Bacteria;p_Firmicutes,c_ Clostridia,o_Clostridiales:f_Lachnospiraceae;g_ Shuttleworthia
k_Bacteria;p_Firmicutes;c_ Clostri 1_Clostridiales;f_Veillonellaceae;g_ Dialister E

B k_Bacteria;p_Firmicutes,c_| _Ci I Vil eaeg_| a (=g

B | Bacteria;p_ Firmicutes.c_ Clostridia;o_ Clostridiales:f_[Tissierellaceae]ig_ Peptoniphilus g

W k_Bacteria;p_Fusobacteria;c__Fusobacteriiajo__Fusobacteriales;f__Leptotrichiaceae;g_ Sneathia g
k_Bacteria;p_Proteobacteria;c_/ teria;o_Rhizobiales;f_Methylobacteriaceaeig__ Q

|k Bacteria;p_Protecbacteriac_| teria;o_ i eae;g_| ;'

W k_Bacteriap_Proteobacteria;c_Gammaprotesbacteria;o_Enterobacteriales;f_Enterobacteriaceaeig o
k_Bacteria;p_ Proteobacteria;c_( teria;o_0Oc f_k eagg_| (2]

BNk Bacteriap_Proteobacteriac_( teriaio_Psel g eaeg_Pseudomonas o

W k_Bacteria;p_Tenericutes;c_ Mollicutes;o_ Myc f_Myce eae;g_Ureaplasma 9!
All Other Categories rQ
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~
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Discussion
Figure 15 Bacterial diversity in Control sample

Cervicovaginal microbiota plays a role in maintaining vaginal health. For identification of
cervicalmicrobial diversities metagenomics approach was usded. This meta-analysis includes
comparative studies of healthy samples, HPV positive samples, HPV negative samples,
samples with differentdegrees of CIN and bacterial vaginosis samples which were downloaded
from SRA. Pre- processing and quality filtering provided high quality data (QV > / = 20 )which
was then analysedthrough QIIME pipeline. In this study 16s rRNA gene sequences were used
for identification andtaxonomical classification of microbial world occurring in healthy as well
as infected samples so as to identify potential pathogens present in cervical cancer.
Lactobacillus species which is known to maintain vaginal health was found in healthy
samples with relative abundance > 99%. Bacterial vaginosis samples were also having greater
abundance

i.e. 80% of Lactobacillus species.

Genus Hpv negative HPV positive
Bacteroides 48.87% --
Anaerococcus 23.79% 1.04%
Fusobacterium 15.76% 4.22%
Porphyromonas 3.13% 12.00%
Prevotella 1.91% 21.81%
Campylobacter 1.72% 31.87%
Lachnospiraceae -- 12.91%
Peptoniphilus 1.71% --
Moryella 1.07% 1.23%
Table 2 Comparative results of HPV negative and HPV positive
Genus Cervical HPV HPV SIL
cancer negative positive No
Lesion

Fusobacterium 76.16% -- -- 17.45%
Dialister 9.10% -- -- --
Mycoplasma 8.46% -- -- 42.52%
Prevotella 2.16% -- -- --
Granulicatella 1.33% -- -- --
Campylobacter 1.20% - -- 1.20%
Lactobacillus -- 99.89% 99.93% 19.19%
Bifidobacteriaceae -- -- -- 1.14%
Table 3 comparative results of Cervical Cancer, HPV negative, HPV positive-no lesion
and SIL
Genus HPV HPV HPV HPV

negative BV negative BV positive BV positive BV

negative positive negative ositive
Lactobacillus 80.73% -- 30.13% --
Flavobacteriaceae 5.86% 1.83% -- --
Pseudomonas 2.68% = == ==
Pedobacter 2.24% -- -- -- =
Clostridium 1.14% 6.57% . 2.65% I
Prevotella - 37.54% 5.39% 29.72% <
Bifidobacteriaceae -- 28.40% 19.47% -- )
Megasphaera -- 8.47% 6.59% 11.59% =N
Dialister -- 4.91% - 6.02% 3
Atopobium -- 4.55% -- -- 5
Sneathia -- 4.09% - 12.59% ™
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|Shuttleworthia |- |- |-- |18.04% |

Table 4 Comparative results of HPV neggative- BV positive & negative, HPV positive -
BV positive & negativesamples

Genus Healthy Control

Lactobacillus 99.46%

Sneathia 0.09%

Prevotella 0.08%

Table 5 Microbial diversity in Healthy control sample

Genus CIN 1 CIN 2 CIN 3 Control
Lactobacillus 79.20% 38.31% 0.64% 27.41%
Halomonas 2.30% 4.66% 4.44% 8.34%
Shewanella 1.24% 1.91% 1.81% 3.87%
Comamonadaceae 0.81% - - -
Prevotella - 24.63% 1.37% 2.95%
Bifidobacteriaceae - 2.00% 79.03% 24.33%
Streptococcus - 2.36% 1.53% --

Table 6 Comparative results of CIN 1, CIN 2, CIN 3 and Control samples

Comparative analysis of HPV positive and negative samples reveals the presence of
Bacteroides and Anaerococcus exclusively in HPV negative samples in a greater abundance.
Whereas Prevotella, Campylobacter and Lachnospiraceae were found abundantly in HPV
positive samples.Fusobacterium was present in maximum abundance i.e. 76 % in samples
with cervical cancer.

BV positive samples were having a greater abundance of prevotella which was rarely present
in BV negative samples.

The abundance of lactobacillus was found to decrease with increase in CIN stage i.e
lactobacilluswere higher in CIN1 (70%) and their abundance decreased in CIN 3 (0.64%).

CONCLUSION

In this study, 16s rRNA gene sequences were used from SRA for identification and taxonomic
classification of cervical microbiota through the metagenomics approach. For meta-analysis of
thisdata QIIME pipeline was used. Relative abundance of cervical microbes was identified in
HPV positive and negative samples. Exclusive presence and greater abundance of some
species such asprevotella and campylobacter was found in HPV positive samples which
signifies that these couldbe potentially pathogenic and their prevelance for longer time could
result in cervical carcinoma. Presence of fusobacterium in greater abundance was observed in
cervical cancer samples. Whereas healthy and HPV negative samples were rich in
Lactobacillus species.
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