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Comparative Analysis of Bacterial Diversity in the Water Samples from
Domestic wastewater through Metagenomics Technique

A GIVEN g LIVE

Abstract

In the recent years the development of genomics and introduced new
techniques and greater possibilities in the study of microbial diversity in the
environment. . Metagenomic is considered as a powerful method to study the
bacterial diversity in environmental samples without using any cultural
techniques. It provides a broader knowledge of bacterial diversity and avoid
any risks. The present research was done on bacterial diversity in water
samples from Domestic wastewater. Indian by using Metagenomics, new
technology in the world of genetic engineering field. DNA sequences or
phylogenetic analysis depended on a single gene, the 16S small subunit
ribosomal RNA (rRNA) gene. DNA nucleotide sequence were analyzed
with 16s r RNA by BLAST and phylogenetic tree to obtained the relation
between types of bacterial sequence get in the present study. The results of
this study identified 7 new strains that included 05 families: Vibrio,
Streptococcus , pseudomonas, Escherichia coli, Mostly identified bacteria
were pathogenic to humans. This study will help in reducing the water borne
diseases which are to using several emerging bacterial pathogens.

This diversity study proves that most the species identified shows toxic

characters.
Keywords: Metagenomic technique, Bacterial diversity, Domestic wastewater

phylogenetic.
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INTRODUCTION
Water represents big part on our planet that is essential to live on the earth. It is
impossible to live without water. The different shapes of water body and chemical
content from salt water are at oceans, sea and some ponds. Sweet water is present in
rivers, lakes and ground water. We need to protect the blue surface i.e. water from
pollution and the important pollutants are bacteria. Water is one of the most important
bacterial habitats on Earth. Human activities led to the creation of the so-called urban
water cycle, comprising different sectors. That diversity of bacteria eventually reached
humans. In addition, bacteria can also transfer mobile genetic elements between different
water types.Safe drinking water is a substantial human right and if polluted with
pathogenic bacteria, it may have health implication for the consumers (Fawell and
Ahuijsen, 2003; WHO, 2004) because water is the basic need of human and hence it
should be clean, pure and free from pollutants (organic or inorganic) to protect Human
health (VVolker et al., 2010).
In rural communities, the surface water from streams, dams, and rivers is immediately
used for domestic purpose and drinking without treatment (Biyela et al., 2004). These
unprotected water sources can be polluted with agricultural sharing, mixing with sewage
effluents and feces from wildlife which gets transferred with rain (Obi et al., 2002).
These impacts are considered to pose risk to people’s health in different forms of viral
pathogens, polluted seafood and reduced well-being (Fleming et al., 2006; Kite et al.,
2008, Laws et al., 2008).
1.1 Metagenomics technique
In recent years the genomics has developed and introduced new techniques, with greater
possibilities in the knowledge of microbial diversity in the environment system, called
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metagenomics (Nold and Zwart, 1998; Cotner and Biddanda, 2002; Gessner et al.,
2010).

).Metagenomics is a new and exciting field of molecular biology which will be used as
standard tool for gene fingerprinting method to describe microbial community profile and
understanding the biological diversities (Thomas et al., 2012).

Unfortunately, scientists are able to grow less than 1% of all microorganisms observable
in nature under standard laboratory conditions. This leaves scientists with more than 99%
of the biological diversity to study in the environment. Metagenomics is a new field
combining molecular biology and genetics in an attempt to identify, and characterize the
genetic material from environmental samples. The genetic diversity is assessed by
isolation of DNA followed by direct cloning of functional genes from the environmental
sample.

In the past decade noteworthy development of microbial ecosystem represents in the field
of Metagenomics. At first started with the cloning of extracted DNA, followed by
sequence analysis (Handelsman et al., 1998) The 16s rRNA gene from clone libraries is
a strong tool for alignment used for molecular approaches because it has a more
comprehensive analysis of microbial assortment in water ecosystems (Tringe, 2005)
and many research dependent on for the microbial classification analysis of
environmental samples by the use of 16S rRNA and is considered as the golden criterion
for taxonomic classification of bacteria.(Liu et al., 2007; Wang et al., 2007).

1.2 Bacterial diversity in wastewater

Bio-treatment of domestic wastewater has been combined since the early part of the 20"
century and has contributed safely to preserve the quality of our circumference ecosystem
and reduce of waterborne infection. A broad variety of combination of organic and
inorganic waste can be energetically removed from industrial processed water by bio-
treatment of wastewater, which is a preferable technology especially in comparison to
alternatives such as chemical treatment and burning treatment (Grady et al., 1980;
Bitton, 1999).

. In past decades the development of technique provides confidence for the safe reuse of
treated water indifferently using helpful treatment station constitutes a decisive tool in the
biodegradation of organic materials, diversion of nutrient removal of poisonous
complexes and measures and to relieve pressure on freshwater (Bramucci et al., 2006).
Biological treatment processes are generally used for treating municipal and industrial
wastewater in wastewater treatment plants (WWTPs) unpaid to their high capacity for
removal of nutrient matters/various organic matters and low working cost, which
represent to control microbial diversity (Wagner et al., 2002).

1.3 Research question

Water quality is an important public health issue given that the presence of pathogenic
organisms in such waters can adversely affect human and animal health. Despite
numerous studies conducted to assess the quality of environmental waters limited efforts
have been put on investigating the microbial diversity because of the difficulty of the
cultivation process or lack of knowledge of the conditions necessary for the cultivation of
those microbial in the laboratory.

The present study focused on the determination of physio-chemical properties of different
water samples and investigation of bacterial diversity in the aquatic environment. This
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study will help in reducing the water borne diseases which are basically endorsed by the
emerging bacterial pathogens.

1.4 Objectives:

On the basis of present study, the following objectives have been taken in consideration

1. To identify and validate bacterial DNA of microbial population in selected water
samples by using metagenomic approach.

2. To predict genomic diversity and identify microbial strains by using in bioinformatics
tools.

3. Reducing waterborne diseases that are mainly adopted by emerging microbial
pathogens

REVIEW OF LITERATURE

The reports available in literature pertaining to various aspects of the present studies have
been reviewed under the following headings:

2.1 Bacterial diversity in sweet water

2.2 Metagenomics technique

Cottrell et al., (2005) observed that Bacterial diversity of metagenomic and PCR
libraries from the Delaware River .Refers to determine whether metagenomic libraries
sample adequately the dominant bacteria in aquatic environments, by examining the
phylogenetic make-up of a large insert metagenomic library constructed with bacterial
DNA from the Delaware River, The result of Delaware River libraries contained bacteria
belonging to several widespread freshwater clusters, including clusters of
Polynucleobacternecessarius, Rhodoferax species Bal47 and LD28 beta-proteobacteria,
the ACK-m1 and STA2-30 clusters of Actinobacteria.

Christopher et al., (2010) found the effect of human actions on microbial communities
and their response to changing the environment. The metagenomic studies on the
community of microbes residing in stressed groundwater revealed that excessive
exposure to heavy metals, HNOs, and organic solvents causes reduced number of
bacterial species, allelic and metabolic diversity.

Jiang et al., (2008) studied the Gaobeidian WWTP of Beijing for analyzing the bacterial
communities present in it. A high bacterial diversity was observed in which clones found
could be categorized into five different groups. The results conclude that the
proteobacteria were most abundant constituting about 76.7% of all the communities,
others being 39.8% (B-proteobacteria), 22.33% (the uncultured bacteria), 20.15% (y-
proteobacteria), 6.79% (a-proteobacteria) and 4.85% (the o-proteobacteria).

Sanchez et al., (2013) assessed the diverse microbial makeup of Almeria (Spain) WWTP
activated sludge sample. The identification of sea water was based on 454-
pyrosequencing. The study focused on the literature used to interpret the diversity of
microbes in such seawater samples depending on the highly abundant species.

Wang et al., (2014) characterized the structures and functions of nitrification and
denitrification bacterial communities in aerobic and anaerobic sludge of two full-scale
tannery WWTPs. Pyrosequencing of 16S rRNA genes showed that Proteobacteria and
Synergistetes dominated in the aerobic and anaerobic sludge, respectively. The results
showed that the denitrifiers mainly included the genera of Thauera, Paracoccus,
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Hyphomicrobium, Comamonas and Azoarcus, which may greatly contribute to the
nitrogen removal in the two WWTPs.

2.3 Metagenomics technique

Sebat et al., (2003) developed a novel technique where metagenomics library was
combined for direct hybridization of DNA samples from various sources like
groundwater and standard reference species. Functionally in this study the microarray
was generated using microcosm of microbes from water, consisting of 672 cosmids and
set of 16S rRNA. Thus metagenomics is considered a very useful method for defining
clones and identifying the species.

Simon and Daniel, (2011) evaluated the revolutionary effect of metagenomic techniques.
The applications of metagenomics lead to known the widest range of
unculturablemicroorganisms have resided in extreme condition. This approach comprises
of constructing and finding libraries which help to find new enzymes and compounds
having a role in industries, for human health and many more.

Huson and Mitra, (2012) evaluated the comparison between datasets. This comparison
was based on different work published on marine sample data which constitute of
metagenomic, 16S rRNA data, meta-proteomic, meta-transcriptomic etc. Metagenomics
comprises of studies on DNA samples directly extracted from the environment whereas
meta-transcriptomics is a study of such RNA samples and meta-proteomics is the study
of such protein samples. This paper is an amalgamation of these three types of data.
Teeling and Glockner, (2012) reviewed and compiled the advantages of NGS and the
challenges faced by storages databases to process its data. Such studies require very
efficient bioinformatic tools to tackle this complex data. The aim of this study was to
provide readers compiled information from bioinformaticians point of view, which
contains all the problems and opportunities in this area. This perspective will provide a
better understanding of the data processing methods followed.

Neelakanta and Sultana, (2013) studied the role of metagenomics in determining the
microbial diversity of any region in the environment. Microbes are the most abundant
living organism on this earth, but there restrictions. This restriction is overcome by
metagenomics method. The role of this technique extends from studying the diversity of
microbes in oceans to the human microbiome. Metagenomics of microbes constitutes of
taxonomy study, databases of huge and small sequences and lastly alignment tools.
Poretsky et al., (2014) assessed the bacterial community and its dynamics in the
freshwater samples. 16S rRNA gene amplification was done from 04 different samples.
The amplicons obtained showed around 1.5 times variation in phylum while 10 times
more variation in general. His work focused on the amplification of 16S rRNA and the
results which interpret the dynamics of microbes present in any kind of environment.

Bag et al., (2016) developed metagenomics method the nucleic acid extracted from this
method was found to have high recovery and very low impurities and thus useful for
further downstream processing. A combination of the physical, chemical and mechanical
method of lysis is used for efficient breakdown of cells of microbes.
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MATERIALS AND METHODS
3.1 Place of study

The present study entitled "Comparative Analysis of Bacterial Diversity in the Water
Samples from Domestic wastewater Allahabad and Lucknow, India through
Metagenomic Technique™ and the research was carried out in CytoGene Research &
Development, Lucknow, U.P. India.

3.2 Sample collection

7 samples of surface water were collected from 02 different sources in India (Domestic
wastewater from Naini, Allahabad and Lucknow). including 04 samples from Naini,
Allahabad and 03 samples from Lucknow during December 2015 at range of temperature
(20-22 °C)

3.3 Molecular analysis of water sample
3.3.1. Isolation of DNA by Meta-G-Nome™ DNA Isolation Kit from Water Samples
Reagent
Listed in Appendix 1
3.3.2 Quantification of DNA isolated from water samples
DNA was quantified by using UV-Vis double beam spectrophotometer.
3. 3.3 Amplification of DNA by Polymerase Chain Reaction

All equipment required is listed in appendix 10.

PCR reaction mixture composition

The PCR conditions and reaction mixture are listed in Appendix 10
Temperature Cycle of PCR

The temperature cycle of PCR is given listed in appendix 10

Table 3.1: Primers 16S rRNA using for amplification of DNA isolated from water
samples

Primer name I Primer sequence (5'-3")

27F 5" AGAGTTTGATCMTGGCTCAG 3'
1492R I 5 TACGGYTACCTTGTTACGACTT 3

3.4 Sequence analysis by using Bioinformatics tools
3.4.1 Sequencing:
Amplified 16S rRNA PCR products were send for the High throughput sequencing by
using the Sanger method. After sequencing sequence analysis was done by using
bioinformatics tool like BLAST server.
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RESULTS AND DISCUSSION

4.1. DNA isolation and Molecular analysis of water samples:

This research focuses on methodological advances that have allowed the sequencing of
natural microbial populations in water environmental samples by Meta-G-Nome™ DNA
Isolation Kit was separately as per the tow sources for selected water samples of
Domestic waste water from Naini, Allahabad and Lucknow.

4.1.1 DNA isolation from Domestic waste water:

Seven Domestic waste water samples from Naini, Allahabad and Lucknow have been
taken and DNA was extracted and analyzed on agarose gel electrophoresis (Figure 4.1)
The genomic DNA was observed more than 10kb in size.

Figure 4.1: Agarose gel electrophoresis for the genomic DNA extracted from the
Domestic waste water samples from Naini Allahabad and Lucknow as. Lanel: Sample 1;
Lane 2: Sample 2; Lane 3: Sample 3; Lane 4. Samp 4, Lane 5: Sampl 5; Lane 6: Sample
6; Lane 7: Sample 7; Lane M: 10kb DNA Ladder4.2 Quantification of DNA samples
isolated from different water samples:

After isolation of DNA, it was used to determine the quantification by using UV — Vis
Double Beam Spectrophotometer, a Nano drop-1000 spectrophotometer (one of the most
commonly used methods to determine the quantity of nucleic acids). Quantification step
was performed by using UV-Vis double beam spectrophotometer of wave length between
260-280 nm and the significant DNA concentration of different samples are shown in
(Table 4.1).
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Table 4.1: DNA concentration (pg/ml) of Naini, Allahabad and

Lucknow.

Ratio DNA Protein
S. No Sample 260/280nm || concentration concentration
(ug/ml) (ug/ml)
1 [ Naini, Allahabad Domestic 2.63
waste water
2 | Naini, Allahabad Domestic 0.06
waste water
3 | Naini, Allahabad Domestic 1.32
waste water
4 | Naini, Allahabad Domestic 2.08
waste water
water
water

water

The observed protein concentration was directly proportional with DNA concentration
whenever increased the DNA concentration the protein concentration increased by
double.

4.3 16S-rRNA amplification of Genomic DNA extracted from different selected water
samples:

After DNA isolation, all samples were used to amplify the 16S rRNA region (which is
the signature region for every bacterial species) (Filloux et al., 1997). The 16S rRNA
gene is1500 bp large and enough for the bacterial diversity information purposes (Patel,
2001).

4.3.1 16S-rRNA amplification of DNA extracted from Domestic wastewater samples of
Allahabad and Lucknow

Seven Domestic wastewater samples including four samples from Naini, Allahabad and
three samples from Lucknow were used for extraction of DNA by using Meta-G-Nome™
DNA Isolation Kit and amplified 16S rRNA gene by using PCR and analyzed in agarose
gel electrophoresis (Figure 4.2).
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Figure 4.2: Agarose gel electrophoresis of amplified 16S-rRNA products for the
Domestic waste water of Naini, Allahabad and Lucknow samples. Lane 1 = Sample
1; Lane 2 = Sample 2; Lane 3 = Sample 3; Lane 4= Sample 4; Lane 5= Sample 5;
Lane 6= Sample 6; Lane 7= Sample 7; Lane L = DNA ladder (1kb).4.4 Sequencing
of 16S-rRNA for the different water samples
Bacterial 16S rRNA gene was amplified by PCR with 16s rRNA universal primers. The
amplified PCR product was sent for the sequencing at Chromus Biotech, Bengaluru.

The sequencing result of all water samples are shown in (Table 4.2) .

Table 4.8: Sequence details of different water samples of India.

Sample No. I Sample description Code sequence

1 I Naini, Allahabad Domestic wastewater CG201603201

I Naini, Allahabad Domestic wastewater CG20160320J
Naini, Allahabad Domestic wastewater CG20160320K

I Naini, Allahabad Domestic wastewater CG20160320L
CG20160320M

I Lucknow Domestic wastewater CG20160320N
7 I Lucknow Domestic wastewater CG201603200

4.5: Sequencing analysis by Bioinformatics Tools

The full length nucleotide sequences were analyzed and compared with the reported
sequences by BLAST server. The closest relatives that showed in subhead in the
following tables identified with the sequence reported in the database were assigned.
45.1 BLAST results for Naini, Allahabad domestic wastewater isolate
(CG201603201):

The BLAST results were showing percentage of similarity for the Eighth sequence from
Naini, Allahabad sewage water. The largest percentage of similarity was 97% with Vibrio
alginolyticus strain NIOTVA 05.16S rRNA gene. The design of phylogenetic tree of
Vibrio alginolyticus strain NIOTVA 051 6S rRNA gene and relation with other bacterial
species is shown in (Figure 4.3).
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“Vihrio alginolyticus 165 ribosomal RNA gene, partial sequence
 Vibrio parahaemolylicus partial 165 rRNA gene, culture collection CECT 5303
7 Vibrio parahaemol yticus strain FORC_023 chromosome 2, complete sequence
i Vibrio parahaemolyticus strain MAVP-Q chromosome 2, complete sequence
23 Vibrio parahaemolyticus strain MAVP-R chromosome 2, complete sequence
“Vibrio parahaemolyticus strain S107-1 chromosome 2, complete sequence
“Vibrio paral lyticus strain STO31 chromosome 2, complete sequence
“Vibrio parahaemol yticus strain MAVP-26 chromosome 2, complete sequence

<« o -proteobacteria | 4 leaves
] proteobacteria | 49 leaves

g-proteohacteria and bacteria | 14 leaves

g-proteohacteria | 9 leaves

g-proteohacteria | 4 leaves
g-protechacteria | 2 leaves
g-proteobacteria and unknown | 10 leaves

Figure 4.3: Phylogenetic tree of Vibrio alginolyticus strain NIOTVA 05 16S rRNA gene.

It is a gram-negative marine bacterium. V. alginolyticus was first identified as a pathogen
of humans and is the leading cause of seafood-associated bacterial gastroenteritis
worldwide. It occasionally causes eye, ear and wound infections (Depaola et al., 2000).
452 BLAST results for Naini, Allahabad domestic wastewater isolate
(CG20160320J):

The BLAST results were showing percentage of similarity for the ninth sequence. The
largest percentage of similarity was 98% with Vibrio tritoniusstrin JCM 1645616S rRNA
gene. The phylogenetic tree of Vibriotritoniusstrin JCM 16456 16S rRNA gene and
relation with another bacterial species is shown in (Figure 4.4).

0 g-proteobacteria | 2 leaves

#¥ibtio hepatarius strain CMFRIVHe-01 168 ribosomal RNA gene, partial sequence

# Vibrio furnissii strain MMS 168 ribosomal RNA gene, partial sequence
“Uncultured bacterium clone Sin3_Nov_14 165 ribosomal RNA gene, partial sequence

Vibrio sp. strain Prvy120 165 ribosomal RNA gene, partial sequence
[ Vibrio sp. strain SanB_6B 168 ribosomal RNA gene, partial sequence

‘L: EVM sp. CR3 165 ribosomal RNA gene, pariial sequence
r g-proteobacteria | 2 leaves

Vibrio sp. FI4 168 ribosomal RNA gene, partial sequence

g-proteobacteria | 3 leaves

g-proteobacteria and bacteria | 77 leaves

7 Vibrio furnissii strain M1 168 ribosomal RNA gene, partial sequence
Vibio furnissii strain QY42 165 ribosomal RNA ene, partial sequence
“Vibrio sp. L35 165 ribosomal RNA gene, partial sequence

<l ;:-proteobacteria and unknown | 7 leaves

Figure 4.4: Phylogenetic tree of Vibrio tritonius strinJCM 1645616s r RNA gene.
The phylogenetic tree was found similarity with Vibrio tritonius strain JCM 16456.16S
rRNA gene. It is a genus of Gram-negative bacteria, possessing a curved-rod shape
(comma shape). Several species of which can cause foodborne infection, usually
associated with eating undercooked seafood. Typically found in salt water. Recent
phylogenies have been constructed based on a suite of genes (multi-locus sequence
analysis) (Thompson et al., 2005).

453 BLAST results for Naini, Allahabad domestic wastewater isolate
(CG20160320K):
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The BLAST results were showing percentage of similarity for the tenth sequence. The
largest percentage of similarity was 98% with Vibrio vulnificus strain ATCC27562 16S
ribosomal RNA gene complete genome. The design of phylogenetic tree of Vibrio
vulnificus strain ATCC27562 16S r RNA gene and its relation with another bacterial

species is shown in (Figure 4.5).
%Vxhriﬂ vulnificus strain Inspire 16 165 ribosomal RNA gene, partial sequence
g-protecbacteria | 2 leaves

@ Vibrio vulnificus strain Inspire 15 165 ribosomal RNA gene, partial sequence
I Vibrio vulnificus gene for 168 rRNA, partial sequence, strain: NBRC 103023
¥ Vibrio vulnificus NBRC 15645 = ATCC 27562 cl il pl
Vibtio vulnificus YI016 DNA, ¢ I, pl q
i Wibrio vulnificus strain ATCC 27562 165 ribosomal RNA gene, partial sequence

g-protecbacteria | 2 leaves
Vibrio vulnificus strain FORC_016 cl II, complete seq)
P Vibrio vulnificus strain mse7 165 ribosomal RNA gene, partial sequence

g-protechacteria and bacteria | 46 leaves

g-protechacteria and firmicutes | 38 leaves

“Vibrio vulnificus strain FORC_(N& ¢l 2, complet
Vibrio vulnificus strain FORC_016 chromosome I, complete sequence
g-protehacteria and unknown | 3 leaves

Figure 4.5: Phylogenetic tree of Vibrio vulnificus strain ATCC27562 16s r RNA gene

These types are considered as toxic, Gram-negative, halophilic bacterium, natural
inhabitant of estuarine and coastal waters. In healthy individuals, this pathogen may
cause gastroenteritis or severe wound infections, leading to necrotizing cellulitis. Vibrio
vulnificus caused infections often leads to septicemia especially in immune compromised
individuals, case-fatality rates are greater than 50% for primary septicemia and about

15% for wound infections. V. vulnificus has been recovered from fish, shellfish, (Irene et
al., 2010).

454 BLAST results for Naini, Allahabad domestic wastewater isolate
(CG20160320L):

The BLAST results were showing percentage of similarity for the eleventh sequence. The
largest percentage of similarity was 98% with Pseudomonas putidas strain KF715 16S
rRNA gene partial sequence. The design of phylogenetic tree of pseudomonas putida
strain KF715 16S rRNA gene partial sequence and relation with other bacterial species is
shown in (Figure 4.6).

TPseudommm spr. 4062 165 ribosomal RNA gene, partial sequence

) «ll bacteria | 2 leaves
g-proteobacteria | 7 leaves
Pseudomonas sp. 5057 165 ribosomal RNA gene, partial sequence

U bacterium clone HZS6 165 ribosomal RNA gene, partial sequence

3F putida sirain SB 3051 163 ribosomal RNA gene, partial sequence

Pseud, sp. WGP35 168 ribosomal RNA gene, partial sequence

Pseudomonas putida partial 165 rRNA gene, strain HAMEI &

Pseudomaonas putida isolate PSB30 168 ribosomal RNA gene, partial sequence
g-proteohacteria | 3 leaves

Uncultured bacterium clone PCA-2 168 ribosomal RNA gene, partial sequence

Pseudomonas putida strain ATCC 11172 165 ribosemal RNA gene, partial sequence

Pseudomonas putida strain U 168 ribosomal RNA gene, partial sequence

Pseudomonas putida strain SAs-14 168 ribosomal RNA gene, partial sequence
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Figure 4.6: Phylogenetic tree of pseudomonas putida strain KF 715 16S rRNA gene partial
sequence.

Certain strains of Pseudomonas putida are not pathogenic due to lack of certain genes
including those for enzymes that digest cell membranes and walls of humans and plants
cell. The bacterium is found in the ear, nose and throat (Harwood et al., 1989).

4.5.7 BLAST results for Lucknow domestic wastewater isolate (CG20160320M):

The BLAST results were showing percentage of similarity for the twelfth sequence. The
largest percentage of similarity was 98% with E. coli strain MS7163 chromosome
complete genome. The design of phylogenetic tree of E. coli strain MS7163 chromosome
complete genome and relation with other bacterial species is shown in (Figure 4.7).

Escherichia coli strain SF-468, complete penome
enterobacteria | 2 leaves

enterobacteria | 2 leaves

Multiple otganisims | 47 leaves

enterobacteria | 25 leaves

Escherichia coli 0145 str. RMY3872 chromosome, complets peno

=l enterohacteria | 2 leaves
ﬁammﬂmm and bacteria |2 leaves
Escherichia coli strain SF-173, complete genome
enterobacteria | 2 leaves

Escherichia coli strain DA33 135 chromosome, complete penome
“ Eschetichia coli strain 95-3322 chromosome, complete genome

lel|Query_159819

§E¢d1eru:hi.1 colistrain NBRC 102203 165 ribosomal RNA gene, partial sequence
Escherichia coli gene for 168 ribosomal RNA, partial sequence, isolate: CG20160320M

Figure 4.7: Phylogenetic tree of E. coli strain MS 7163 chromosome complete genome.
Pathogenic E. coli with an inter-human circulation represents a leading cause of diarrhea,
often with high mortality rates, in developing countries. E. coli is part of the natural
microflora of the digestive tract of human and contaminates the surrounding
environment. In the area concerned by the present study no treatment is applied to the
abattoir effluent before it is released in the environment and spills into the small river.
The water from the stream in turn is used to irrigate crops grown at a nearby farm
(Kabiru et al., 2015).

4.5.6 BLAST results for Lucknow domestic wastewater isolate (CG20160320N):

The BLAST results were showing percentage of similarity for the thirteenth sequence.
The largest percentage of similarity was 98% with Streptococcus mutans strain ATCC
25175 16S rRNA partial sequence. The design of phylogenetic tree of Streptococcus
mutans strain ATCC 25175 16S rRNA partial sequence and its relation with other bacterial
species is shown in (Figure 4.8):
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9 Streptococeus mutans strain ChDC YM79 168 ribosomal RNA gene, partial sequence

7 Strep s mutans strain ChDC YM61 168 ribosomal RNA gene, partial sequence

& < Uncultured b clone H1-plated_GO9 168 ribosomal RNA gene, partial sequence
“ Streplococcus mutans strain ChDC YM3 168 ribosomal RNA gene, partial sequence

| Streptococcus mutans strain NCTC 10449 168 ribosomal RNA, partial sequence
A Streptococeus mutans strain ATCC 25175 16S ribosomal RNA, partial sequence
1 Streptococcus mutans strain ATCC 25175 165 ribosomal RNA gene. partial sequence

Streplococcus mutans strain ChDC YMS3 16S ribosomal RNA gene, partial sequence
[SI replococcus mutans strain ChDC YM2I8 168 ribosoral RNA gene, partial sequence

d cus mutans strain ChDC YM204 168 ribosomal RNA gene, partial sequence

¥ Streplococcus mutans strain ChDC YM20 168 ribosomal RNA gene, pattial sequence
$S|rqnou)cm mutans strain ChDC YM82 16S ribosomal RNA gene, partial sequence

| mutans strain ChDC YM1 168 ribosomal RNA gene, partial sequence
Tiv:plm\xcm‘ mutans strain DI1 168 ribosomal RNA gene, partial sequence

fimicutes | 2 leaves
Streplococcus mutans strain NBRC 13955 168 ribosomal RNA gene, partial sequence
ol firmicutes | 24 leaves

{ Streptococcus mutans strain ChDC YM209 16S ribosomal RNA gene, partial sequence
firmicutes | 3 leaves
[S(repkmw\' mutans strain ChDC YM40 16S ribosomal RNA gene, partial sequence

firmicutes and unknown | 55 leaves

Figure 4.8: Phylogenetic tree of Streptococcus mutans strain ATCC 25175 16S rRNA partial
sequence

The phylognetic tree results showed similarity with Streptococcus mutans strain chDc
YM116S rRNA gene partial sequence. Streptococcus mutans are facultative anaerobes
gram positive and coccus (round bacterium) commonly found in the human oral cavity
and is a significant contributor to tooth decay. The microbe was first described by
(Kilian, 1924).
4.5.7 BLAST results for Lucknow domestic waste water isolate (CG201603200):
of similarity was 97% with streptococcus anginosus strain J4211 complete genome .The
design of phylogenetic tree of streptococcus anginosus strain J4211 complete genome
and relation with other bacterial species is shown in (Figure 4.9).
The BLAST results were showing percentage of similarity for the fourteen the sequence. The
largest percentage

firmicutes and bactetia | 4 leaves

3 Stref 5 angi strain 367 168 ribosomal RNA, partial sequence
 Strey 5 5p. 16362 165 ribosomal RNA pene, partial sequence
7 Stref 2 strain ChDC B367 168 ribosomal RNA gene, partial sequence
@ Uncultured organism clone ELUKMO-T215-3-NIPCRAMgANa 000243 small subunit ribosomal RNA gene, partial sequenc
Uncultured organism clone ELUO040-T218-5-NIPCRAMgANa_(01Y small subunit ribosomal RNA gene, partial sequence
firmicutes | 4 leaves

] nclassified and firmicutes | § leaves

Multiple organisms | 66 leaves

firtnicutes and bactetia | 2 leaves
Streptococcus anginosus strain ChDC B369 163 ribosomal RNA gene, partial sequence
Streptococeus sp. 2397 165 ribosomal RNA pene, partial sequence
firmicutes | 2 leaves

> Stre 8 strain ChDC B365 168 ribosomal RNA geig, partial sequence
Streptococcus anginosus strain 14211, complete penome
Streptococcus anginosus C1031, complete penome

firmicutes and unknown | 3 leaves

Figure 4.9: Phylogenetic tree of Streptococcus anginosus strain J4211 complete genome.
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The phylogenetic tree showed similarity with streptococcus anginosus strain ChDC B365
16S rRNA partial sequence. This is gram-positive, intermedius and Streptococcus
constellates constitute the anginosus group. Streptococcus anginosus is a part of the
human bacteria flora, but can cause diseases including brain and liver abscesses under
certain circumstances (Bert et al., 1998).

SUMMARY AND CONCLUSION

The microbial diversity in different environment has importance to bacteriological
processes and development characters special in aquatic system and living organism.
Diversity in the aquatic environment is very vast and different contingent depends on the
type of water source like sweet and salty. The Understanding of diversity intimate an
ecosystem is an important, primary step in studying the survivability and adaptation of
halophiles at diverse stages of opposition. Microorganisms participate safely to the earth's
biological diversity, so far comparatively few study of the microorganisms existing in
nature have been cultured and described. The traditional technique is dependent on
culture-based for the identification of microbes in ecological samples. A broad
understanding of microbial diversity was not provided as a result of complying with the
necessary conditions for culture and at other times difficult to be provided or may not be
known at all. In recent years the development of genomics and introduction of new
techniques provides greater possibilities in the study of microbial variety in the
environment. These techniques are known as Metagenomics. Metagenomics is the name
of new technology and represent a key constituent for understanding microbial diversity
in ecosystem.

After the amplification of 16S rRNA gene segment, PCR products obtained by Cyto
Gene lab Research and Development, Lucknow, U.P. India were sent for the Sanger
sequencing to Chromus Biotech, Bengaluru. 16S rRNA sequences were analyzed with
the help of NCBI-BLAST and CLUSTAL-W tools. To construct the phylogenetic tree
CLUSTAL OMEGA server was used.

The main step of the study was bacterial analysis of the water samples and the extraction
of DNA by using DNA isolation kit. Genomic DNA was analyzed with the help of
agarose gel electrophoresis with different sizes of DNA bands. All DNA samples were
used for the amplification of 16S rRNA by using PCR and standard primer sequences.
After that PCR products were sent for the Sanger sequencing. Sequences were
characterized by using two approaches of sequence analysis. First method was based on
the BLASTN comparison of 16s rRNA sequences by NCBI database and second method
was based on phylogenetic approach by using phylogenetic tree.

CONCLUSION

1 . In this study 7 new nucleotide sequences were sequenced and these sequences were
not showing 100% similarity with the known sequences. It means these bacterial strains
were uncharacterized sequences. But these 7 bacterial strains were showing evolutionary
relationship with 04 types of bacterial . These bacterial strains were: Escherichia coli, ,
Pseudomonas, Vibrio and Streptococcus.

2 .The bacterial groups found in this study are mostly toxic because these species cause
different types of diseases in aquatic organisms, land organisms and humans. It can resist
antibiotics and should supply new novel approaches to the diagnosis and treatment of
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infectious diseases. The bacterial diversity in water samples was huge and all of them
were unknown because they were difficult to culture. The results obtained from this study
confirmed that new strains were related to five types of bacteria in fourteen different
strains. All sequences which were obtained from this study are submitted to the
international DDBJ database.

REFERENCES

o Bert, F., Lancelin, B. and Zechovsky, L. (1998). Clinical Significance of
Bacteremia Involving the "Streptococcusmilleri” Group: 51 Cases and Review
.Clinical Infectious Diseases. 2:385-387.

Bag, S., Saha, B., Mehta, O., Anbumani, D., Kumar, N., Dayal, M., Pant,
A., Kumar, P., Saxena, S., Takeda, K., Kurakawa, T., Nair, G.B. and Das,
B. (2016). An Improved Method for High Quality Metagenomics DNA Extraction
from Human and Environmental Samples. Proceedings of National Academy of
Science. U. S. A.6: 26775.

Cottrell, M.T., Waidner, L.A., Yu, L. and Kirchman, D.L. (2005). Bacterial
diversity of metagenomic and PCR libraries from the Delaware River. Journal
Environ Microbiology. 12:1883-95.

Christopher, L.H., Ye, D., Terry, J.G., Matthew, W.F., Liyou, W.S., Barua,
K.B., Susannah, G.T., David, B.W., Zhili, H., Terry, C.H., James, M.T.,

. (2010). Metagenomic insights into evolution of a heavy metal-contaminated
ground water microbial community .ISME International Society for Microbial
Ecology Journal.4: 660 — 672

Depaola, A., Kaysner, C.A., Bowers, J. and Cook, D.W. (2000).
Environmental investigations of Vibrio parahaemolyticus in oysters after
outbreaks in Washington. Environtal Microbiology. 66: 4649-4654.

Filloux, A., Michel, G. and Bally, M. (1997). GSP-dependent protein secretion
in Gamnegative bacteria: the Xcp system of Pseudomonas aeruginosa. FEMS
Microbiology Reviews . 3:177-98.

Huson, H. and Mitra, S. (2012). Introduction to the analysis of environmental
sequences: metagenomics with MEGAN. Book . Methods in Molecular
Biology .856:415-29.

Irene, C., Yolanda, M., Jose, L., Alonsob, G. andMaria, F. (2010).
Detection of Vibrio vulnificus in seafood, seawater and wastewater samples from a
Mediterranean coastal area. Microbiological Research. 165:657-664.

Jiang, X., Mingchao, M.A., Jun, L.l., Anhuai, L.U. and Zuoshen, Z. (2008).
Bacterial Diversity of Active Sludge in Wastewater Treatment Plant. Journal
Microbiology Biotechnology.. 6: 163-168.

Kabiru, L.M., Bello, M., Kabir, J., Grande, L. and Morabito, S. (2015).
Detection of pathogenic E. coliin samples collected at an abattoir in Zaria,
Nigeria and at different points in the surrounding environment. International
Journal of Environmental Research and Public Health .1:679-91.

Kilian, J.C. (1924). On the Bacterial Factor in the etiology of Dental Caries
.British journal of experimental pathology .3:141-147.

I
8 5l sl — Al gy 01 A0S



http://cid.oxfordjournals.org/content/27/2/385
http://cid.oxfordjournals.org/content/27/2/385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bag%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saha%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehta%20O%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anbumani%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dayal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pant%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pant%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saxena%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takeda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurakawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nair%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27240745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cottrell%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=16309387
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waidner%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=16309387
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16309387
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirchman%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=16309387
https://www.ncbi.nlm.nih.gov/pubmed/16309387
https://www.ncbi.nlm.nih.gov/pubmed/9818381
https://www.ncbi.nlm.nih.gov/pubmed/9818381
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huson%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=22399469
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mitra%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22399469
http://www.ncbi.nlm.nih.gov/pubmed/22399469
http://www.ncbi.nlm.nih.gov/pubmed/22399469
http://www.sciencedirect.com/science/article/pii/S0944501309001153
http://www.sciencedirect.com/science/article/pii/S0944501309001153
http://www.sciencedirect.com/science/article/pii/S0944501309001153
http://www.sciencedirect.com/science/article/pii/S0944501309001153#aff2
http://www.sciencedirect.com/science/article/pii/S0944501309001153
http://www.sciencedirect.com/science/article/pii/S0944501309001153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clarke%20JK%5BAuthor%5D

22023 — 2022 ey ydlall 232l o 5i i Uipall 2085 JBA (g () Lol olse o oliall e (8 (g S @ 5l 45l g Jlas

Neelakanta, G. and Sultana, H. (2013). The Use of Metagenomic Approaches
to Analyze Changes in Microbial Communities. Microbiology Insights. 6: 37—48.
Patel, J.B. (2001). 16S rRNA gene sequencing for bacterial pathogen
identification in the clinical laboratory. Molocular. Diagnosess. 6:313-321.
Poretsky, R., Luis, M., Rodriguez, R. L., Despina, T. and Konstantinos, T.
(2014). Strengths and Limitations of 16S rRNA Gene Amplicon Sequencing in
Revealing Temporal Microbial Community Dynamics. Public Library of Science
began One. 4: 93827.

Sanchez, O., Ferrera, l., Gonzalez, J.M. and Mas, J. (2013). Assessing
bacterial diversity in a seawater-processing wastewater treatment plant by 454-
pyrosequencing of the 16S rRNA and amo A genes. Microbiology Biotechnology.
4:435-452.

Sebat, J.L., Colwell, F.S. and Crawford, R. (2003). Metagenomic Profiling:
Microarray Analysis of an Environmental Genomic Library. Environ.
Microbiology. 8:4927-4934.

Simon, C. and Daniel, R. (2011). Metagenomic analyse past and future trends.
Application Environ Microbiol.4: 1153-1161.

Teeling, H.and Glockner, F. (2012). Current opportunities and challenges in
microbial metagenome analysis-a bioinformatics perspective.  Briefings
Bioinformatics. 6: 728-742.

Thompson, F.L., Gevers, D., Thompson, C.C., Dawyndt, P., Naser, S.,
Hoste, B., Munn, C.B. and Swings, J. (2005). Phylogeny and Molecular
Identification of Vibrios on the Basis of Multilocus Sequence Analysis.
Environmental Microbiology . 9:5107-5115.

Wagner, M., Loy, A., Nogueira, R., Purkhold, U., Lee, N. and Daims, H.
(2002). Microbial community composition and function in wastewater treatment
plants. scientific journal Antonie Van Leeuwenhoek. 81:665-680.

Wang, Z., Zhang, X., Lu, X,, Liu, B., Li, Y., Long, C. and Li, M. (2014).
Abundance and Diversity of Bacterial Nitrifiers and Denitrifiers and Their
Functional Genes in Tannery Wastewater Treatment Plants Revealed by High-
Throughput Sequencing. Public Library of Science ONE. 11: 113603.

I
8 5l sl — Al gy 01 A0S



https://www.ncbi.nlm.nih.gov/pubmed/?term=Neelakanta%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24826073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sultana%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24826073
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3987754/
http://aem.asm.org/search?author1=Jonathan+L.+Sebat&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Frederick+S.+Colwell&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Ronald+L.+Crawford&sortspec=date&submit=Submit
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teeling%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22966151
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3504927/#d34e36
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gl%26%23x000f6%3Bckner%20FO%5BAuthor%5D&cauthor=true&cauthor_uid=22966151
https://www.ncbi.nlm.nih.gov/pmc/?term=%22Brief%20Bioinform%22%5bjournal%5d
https://www.ncbi.nlm.nih.gov/pmc/?term=%22Brief%20Bioinform%22%5bjournal%5d
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1214639
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1214639

#2023 — 2022 ey ydlal) a2l o i g Vel 538 J3A (e oaall o peall slae (e olaall Giline 8 (55 & sl 45 jlaa y Jilas

ABBREVIATIONS

ml Milliliter
mm Millimeter
mg Milligram
M Molarity
Mg Microgram
UM Micro molar
ul Micro liter
um Micro meter
NaOH Sodium hydroxide
NCBI National Center for Biotechnology Information
N Normality
ng NanoGram
nm Nanometer
02 Oxygen
OTUs Operational taxonomic unit
% Percent
PCI Domain proteins interact
PCOA Principal Coordinates Analysis
PCR Polymerase chain reaction
PH Potential of hydrogen ion
pM Picometre
Ppm Parts per million
R Refers word
RNA Ribonucleic acid
Rpm Revolution per minute
rRNA ribosomal Ribose Nucleic Acid
SSU Small Sub Unit
TAE buffer Tris Base, Acetic acid and EDTA
TE Buffer Tris EDTA Buffer
Tris Tris (Hydroxyl methyl) amino ethane
U.P. Uttar Pradesh
USA United States of America
UV - Vis Ultraviolet-visible spectroscopy
U Unit
\Y/ Volume
Wit Weight
Wastewater Treatment plants

I
8 5l sl — Al gy 01 A0S




22023 — 2022 sremwd dlall 2aal) a5 g Uaal) 4585 SR e (aall o peall sl (e olaall e A (5 Sl g gl 45 l8a g Jalas

LIST OF TABLES

TableNo.J  Particulas ] PageNo.

31 Primers 16srRNA using for amplification of DNA isolated from
' water samples

4.1 I DNA concentration (ug/ml) of Naini, Allahabad and Lucknow
4.2 I Sequence details of different water samples of India.

LIST OF FIGURES

Agarose gel electrophoresis for the genomic DNA extracted from the
Domestic waste water samples from Naini Allahabad and Lucknow as
1, 2, 3,45, 6 and 7. Lanel: Sample 1; Lane 2: Sample29; Lane 3:
Sample 3; Lane 4: Sample 5, Lane 5: Sample 5; Lane 6: Sample 6; Lane
7: Sample 7; LaneM: 10kb DNA Ladder.

Figure 4.10: Agarose gel electrophoresis of amplified 16S-rRNA
products for the Domestic waste water of Naini, Allahabad and
Lucknow samples. Lane 1 = Sample 8; Lane 2 = Sample 9; Lane 3 =
Sample 10; Lane 4= Sample 11; Lane 5= Sample 12; Lane 6= Sample

13; Lane 7= Sample 14; Lane L = DNA ladder (10kb).

Phylogenetic tree of Vibrio alginolyticus strain NIOTVA 05 16SrRNA
gene.

4.3
4.4 Phylogenetic tree of Vibrio tritonius strin JCM 1645616s r RNA gene.
5

4 Phylogenetic tree of Vibrio vulnificus strain ATCC27562 16s r RNA
gene
46 Phylogenetic tree of pseudomonas putida strain KF 715 16S rRNA
' gene partial sequence.
4.7 Phylogenetic tree of Escherichia coli strain MS 7163 chromosome
' complete genome.
48 Phylogenetic tree of Streptococcus mutans strain ATCC 25175 16S
' rRNA partial sequence
49 | Phylogenetic tree of Streptococcus anginosus strain J4211 complete
' genome.

AR

8 5l sl — Al gy 01 A0S




#2023 — 2022 ey ydlal) a2l Lo g gon Waal) 49385 JUS e (avall o pall slia (e olaall Slie 8 (5 58S & o) 45 jlaa g Jlas

RNA, partial

 Nudisaids ¥

GenBank

Vibrio alginolyticus gene for 16S ribosomal RNA, partial sequence, isolate: CG20160320I
GenBank LC144552 1
FASTA  Graohs

Locus LC144552 1493 bp DNA linear  BCT 26-0CT-2016

DEFINITION Vibrio alginolyticus gene for 165 ribosomal RNA, partial sequence,
isolate: CG201603201.

ACCESSION  LC144552

VERSION 10144552.1

KE YWORDS

SOURCE Vibrio alginolyticus

ORGANISM i

Bacteria; Pr i3; Gammapr 1a; vibrionales;
Vibrionaceae; Vibrio.
REFERENCE 1
AUTHORS ~ Zaed,).A., Charan,A.A. and Singh,P. L
TITLE Comparative analysis of bacterial diversity in water at (India)
Allahabad and (Libya) Tripoli through Metagenomic
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 1493)
AUTHORS ~ Zaed,]).A., Charan,A.A. and Singh,P.
TITLE Direct Submission
JOURNAL  Submitted (81-APR-2016) Contact:Jamilah Ali Ahmed Zaed Jacob School
of Biotechnology and Bioengineering, SHIATS, Molecular and Cellular
Engineering; Naini, Allahabad, Allahabad, U.P. 211007, India URL
thttp://ww.shiats.edu.in/
FEATURES Location/Qualifiers
source 1..1493
/organisms"Vibrio alginolyticus"
/mol_type="genomic DNA"
/isolates"(6201603201"
/isolation_source="Domastic waste water Allahabad"
/db_xrefs"taxon:663"
/country="India"
/collection_date="2015-12-85"
/collected_by="Jamilah Ali Ahmed Zaed"
FRNA <1..»1493
/product="16S ribosomal RNA"
ORIGIN
1 attgaagagt ttgaactggt atcatggete gaacg ctggeggeag
61 tgcaagtcga geggaaacga gttatctgaa ccttcgggga acgataacgg cgtcgagegg
121 cggacgggty agtaatgect aggaaattge gatgtge gegataacca ttggasacga
181 tggetaatac cgeatgatge nnngggecaa agagggggac cttcgggeet ctegegteag
241 gatacgatta tgcctaggty ggattageta gttggtgagg taagggetea ccasggegac
301 gatccctage tggtctgaga ggatg g ccacactgga 8 get
361 cctacgggag geagcagtpg ggaatattge acaatgggeg caagectgat geagecatge
421 cgegtgnnnt gtgaagaagg ccttcggptt gtaaageact ttcagtegtg aggaaggttt
481 g BC tg! gac g a ac cggetaactc
541 cgtgccagea gecgeggtaa tacggagggt gegagegtta atcggaatta ctgggegtas
601 agcgeatgea ggtggtttgt taagtcagat gtgaaagcce ggggetcaac cteggaatag
661 catttgaaac tggcagacta gagtactgta gaggggggta gaatttcagg tgtageggts
721 aaattagaga tctgaaggaa taccggtgge gAaggCgEcc ccctggacag atactgacaa
781 tagacacctc agatgcgaaa I3 [ t
841 gccgtaaacg atgtctactt ggaggttgtg gecttgagee gtggetttcg gagetaacge
901 gttaagtaga ccgectgppg agtacggtcg caagattasa actcaaatga attgacgggg
961 gnccgeacaa geggtggage atgtggttta attcgatge gaagaa ccttacctac
1821 tgacatccag agaactttcc agagatggat tggtgecttc actctg agacaggrgc
1081 tgcatggctg tcgtcagctc gtgttgtgaa atgttgggtt aagtcccgea acgagegeaa
1141 ccettatect tgtttgecaa attgeacage gagtaatgtc gggaactcca gggagactge
1201 cggtgataaa ccggaggaag gLggegacga tcatggeect 88
1261 gc! g tgctacaatg geg 8 8BBCagecaa
1321 ccaaaaagtg cgtcgtagtc cggattggag tctgeaactc gactccatga agteggaate
1381 getagtaatc gtgagastge cacggtgaat acgttcccgg gecttgtaca caccgeecgt
1441 cacaccatgg gagtgggcty caaaagaagt aggtagtttc aactacggga gga

fil @G\ M part/Vibrio%20alginolyticus %20gene%20for %20165%20ribosomal % 20R NA, %20partial % 20sequence; %20i80%20- % 20Nuclectide%2. #420N..  1/1
2 e 2 A T O S TS e e m;‘ Ty P of

I
8 5l sl — Al gy 01 A0S




#2023 — 2022 ey ilall Lo g gon Waal) 49385 JUS e (avall o pall slia (e olaall Slie 8 (5 58S & o) 45 jlaa g Jlas

viunu unoIIUS gene Tor 165 ribosomal RNA, partial sequence. isolate - Nucleotide - NCBI

Nucleotide

GenBank

Vibrio tritonius gene for 16S ribosomal RNA, partial sequence, isolate: CG20160320J
GenBank: LC144553.1
FASTA Graphics

LOCUs LC144553 1431 bp DNA linear  BCT 26-0CT-2016
DEFINITION Vibrio tritonius gene for 165 ribosomal RNA, partial sequence,
isolate: €G201603203,
ACCESSION  LC144553
VERSION LC144553.1
KEYWORDS .
SOURCE vibrio tritonius
ORGANISM Vibri riton
Bacteria; Proteobacteria; Gammaproteobacteria; vibrionales;
Vibrionaceae; Vibrio.
REFERENCE 1
AUTHORS  Zaed,J.A., Charan,A.A. and Singh,P.
TITLE Comparative analysis of bacterial diversity in water at (India)
Allahabad and (Libya) Tripoli through Metagenomic
JOURNAL  Unpublished
REFERENCE 2 (bases 1°to 1431)"
AUTHORS  Zaed,J.A., Charan,A.A. and Singh,P.
TITLE Direct Submission
JOURNAL  Submitted (01-APR-2016) Contact:Jamilah Ali Ahmed Zaed Jacob School
of Biotechnology and Bioengineering, SHIATS, Molecular and Cellular
Engineering; Naini, Allahabad, Allahabad, U.P. 211007, India URL
thttp://www.shiats.edu.in/
FEATURES Location/Qualifiers
source 1..1431
/organism="Vibrio tritonius”
/mol_type="genomic DNA"
/isolate="(G20160320]"
/isolation_source="Domastic waste water Allahabad"
/db_xref="taxon:1435069"
/countrys"India”
/collection_date="2015-12-06"
/collected_by="Jamilah Ali Ahmed Zaed"
rRNA <1..>1431
/product="16S ribosomal RNA"

|

ORIGIN

catgcaagtc gagecggcage gacataaaca aaccttcggg ggcgattatg ggcgagegec
ggacgggtga gtaatgectt gggaaattge cctgatgtgg gggataacca ttggaaacga
tggctaatac cgeataatag cttcggetta aagaggggga ccttcgggee tctegegtea
ggatatgccc aggtgggatt agctagttgg tgaggtaagg getcaccaaa aggegacgat
ccctagetgg tctgagagga tgatcageca cactggaact gagacacggt ccagactect
acgggaggca gcagtgggga atattgcaca atgggcgeaa gectgatgea gecatgeege
gtgtatgaag aaggccttcg ggttgtaaag tactttcage agtgaggaag geggatgtgt
taatagcgca ttgtttgacg ttagctgcag aagaagcacc ggetaactcc gtgecagcag
ccgeggtaat acggagggte cgagegttaa tcggaattac tgggcgtaaa gegeatgeag
gtggtetgtt aagtcagatg tgaaagcccg gggcttaacc tcggaatage atttgaaact
ggcaggetag agtactgtag aggggegtag aatttcaggt gtagcggtga aatgegtaga
gatctgaagg aataccggtg gegaaggcgg ccccctggac agatactgac actcagatge
gaaagegtgg ggagcaaaca ggattagata ccctggtagt ccacgccgta aacgatgtct
acttggaggt tgtggccttg agccgtggag ctaacgegtt aagtagcgta ccgectgges
agtacggtcg caagattaaa actcaaatga attgacgggg geccgcacaa gegptggage
atgtggttta attcgatgca acgcgaagaa ccttacctac tcttgacatc cagagaactt
agcagagatg ctttggtgcc ttcgggaact ctgagacagg tgctgeatgg ctgtcgtcag
ctcgtgttgt gaaatttaaa cgattacagg tcccgcaacg agegeaacce ttatcettgt
ttgccagega gtaatgtcgg gaactccagg gagactgecg gtgataaacc ggaggaaggt
ggggacgacg tcaagtcatc atggecctta cgagtaggge tacacacgtg ctacaatgge
geatacagag ggcggccaac ttgcaaaagt gagegaatcc caaazagtge gtegtagtcc
ggattggagt ctgcaactcg actccatgaa gtcggaatcg ctagtaatcg tggatcagaa
tgccacggtg aatacgttcc cgggecttgt acacaccgee cgtcacacca tgggagtege
ctgcaaaaga agcaggtagt ttaaccttcg ggaggacget tgccactttg t
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173002017 5 Vibrio vulnificus gene for 16S ribosomal RNA, partial sequence, isolat - Nucleotide - NCBI

Hucleolide

GenBank

Vibrio vulnificus gene for 16S ribosomal RNA, partial sequence, isolate: CG20160320K
GenBank: LC144554.1
FASTA  Graphics

Goto:

Locus LC144554 1356 bp DNA linear  BCT 26-0CT-2016
DEFINITION Vibrio vulnificus gene for 16S ribosomal RNA, partial sequence,
isolate: CG20160320K.
ACCESSION  LC144554
VERSION LC144554.1
KEYWORDS .
SOURCE vibrio vulnificus
ORGANISM ibri i
Bacteria; Proteobacteria; Gammaproteobacteria; Vibrionales;
Vibrionaceae; Vibrio.
REFERENCE 1 iz
AUTHORS  Zaed,J.A., Charan,A.A. and Singh,P.
TITLE Comparative analysis of bacterial diversity in water at (India)
Allahabad and (Libya) Tripoli through Metagenomic
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 1356)
AUTHORS  Zaed,J.A., Charan,A.A. and Singh,P.
TITLE Direct Submission
JOURNAL  Submitted (@1-APR-2016) Contact:Jamilah Ali Ahmed Zaed Jacob School
of Biotechnology and Bioengineering, SHIATS, Molecular and Cellular
Engineering; Naini, Allahabad, Allahabad, U.P. 211087, India URL
thttp://www.shiats.edu.in/
FEATURES Location/Qualifiers
source 1..1356
/organism="Vibrio vulnificus"
/mol_type="genomic DNA"
/isolate="(G20168320K"
/isolation_source="Domastic waste water Allahabad"
/db_xref="taxon:622"
/country="India"
/collection_date="2015-12-87"
/collected_by="Jamilah Ali Ahmed
FRNA 1..>1356
/product="16S ribosomal RNA"
ORIGIN
cagacacatg ccaagtcgag Cggcagcaca gagaaacttg tttctcgggt BECBIBCEEC
ggacgggtga gtaatgectyg ggaaattgec ctgatgtggg ggataaccat tggaaacgat
ggctaatacc geatgatgee tacgggccaa agagggggac cttcgggcct ctcgegtcag
gatatgccca ggtgggatta getagttggt gaggtaaggg ctcaccaagg acgatcccta
getggtetga gaggatgatc agccacactg gaactgagac acggtccaga ctectacggg
aggcagcagt aggggaatat tgcacaatgg gegeaagect gatgeageca tgCCgCgtgt
gtgaagaagg ccttcgpgtt gtaaagcact ttcagttgtg aggaaggtgg tgtcgttaat
agcggeatca tttgacgtta geaacagaag aagcaccgge taactccgtg ccageageeg
cggtaatacg gagggtgcga gegttaatcg gaattactgg gegtaaageg tgeaggtget
ttgttaagtc agatgtgaaa gcccggggct caacctcgga actgeatttg aaactggeag
actagagtag tctgtagagg ggggtagaat ttcaggtgta geggtgaaat gegtagagat
ctgaaggaat accggtggcg aaggcggcce cctggacaga tactgacact cagatgcgaa
agcgtgggea geaaacagga ttagataccc tggtagtcca ctgtaaacga tgtctacttg
gaggttgtgg ccttgagccg tggctttcgg agctaacgeg ttaagtagac ctggggagta
cggtcgeaag attaaaactc aaatgaattg acgggggcce geacaagcgg tggageatgt
ggtttaagtt tcgatgcaac gcgaagaacc ttacctactc ttgacatcca gagaatctag
cggagacget ggagtgcctt cgaactctga gacaggtget geatggetgt cgteagetceg
tgttgtgaaa tgttgggtta agtcccgeaa cgagegeaac ccttatcctt gtttgecage
gagtaatgtc gggaactcca gggagactge cggtgataaa ccggaggaag gtgacgacgt
caagtcatca tggeccttac gagtaggget acacacgtge tacaatggeg catacagagg
gcagccaact tnncgaaagt gagcgaatcc caaaaagtge gtcgtagtcc ggattggagt
ctgeaactcg actccatgaa accgtagtcg aatcgetagt aatcgtggat cagaatgeca
cggtgaatac gttcccggge cttgtacaca cegeec

ﬁlew/Gﬂ.M.parmnuio%zmrulmﬁcus%mm%m%amss%ZOrlbosqmal%ZDRNA%Md%ZOsm.%ZG-dm%ZO-%memm&@N
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Pseudomonas putida gene for 16S ribosomal RNA, partial sequence, isola - Nucleotide - NCBI

Nucleotide

GenBank

Pseudomonas putida gene for 16S ribosomal RNA, partial sequence, isolate: CG20160320L

GenBank:

LC144555.1

FASTA  Graphics

Locus

LC144555 1478 bp DNA linear  BCT 26-0CT-2016

DEFINITION Pseudomonas putida gene for 165 ribosomal RNA, partial sequence,

ACCESSION
VERSION
KEYWORDS
SOURCE

ORGANISM

REFERENCE
AUTHORS
TITLE

JOURNAL
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES

isolate: CG2e16@326L.
LC144555
LC144555.1

Pseudomonas putida

Bacteria; Prcteobacteria, Gammaproteobacteria; Pseudomonadales;
¢ di eae; P .
1
Zaed,J.A., Charan,A.A. and Singh,P.
Comparative analysis of bacterial diversity in water at (!ndia)
Allshabad and (Libya) Tripoli through Metagenomic 7
Unpublished
2 (bases 1 to 1470)
Zaed,J.A., Charan,A.A. and Singh,P.
Direct Submission
Submitted (©1-APR-2016) Contact:Jamilah Ali Ahmed Zaed Jacob School
of Biotechnology and Bioengineering, SHIATS, Molecular and Cellular
Engineering; Naini, Allahabad, Allahabad, U.P. 211067, India URL
thttp://www.shiats.edu.in/
Location/Qualifiers

source 1..1478

rRNA

ORTGIN

/organism="Pseudomonas putida"

/mol_type="genomic DNA"

/isolate="CG20160320L"
/isolation_source="Domastic waste water Allahabad"
/db_xref="taxon:303"

/country="India"

/collection_date="2015-12-07"
/collected_by="Jamilah Ali Ahmed Zaed"

<1..>147¢

/product="16S ribosomal RNA"

attgaacgct ggennnnnta acacatgcaa gtcgagcgga tgagaagage ttgetctteg
attcagegge ggacgggtga gtaatgecta ggaatctgee tggtagtggg ggacaacgtt
tcgaaaggaa cgctaatacc geatacgtcc tacgggagaa agcaggggac cttegggect
tgcgetatea gatgagecta ggteggatta getagttggt gaggtaatgg ctcaccaagg
cgannntccg taactggtct gagaggatga tcagtcacac tggaactgag acacggtcca
gactcctacg ggaggcagea gtggggaata ttggacaatg ggegaaagee tgatccagec
atgcegegtyg tgrgaagaag gtctteggat tgtaaagcac tnnnnntaag ttgggaggaa
gggcattaac ctaatacgtt agtgttttga cgttaccgac agaataagca ceggetaact
ctgtgecage agecgeggta atacagaggg tgcaagegtt aatcggaatt actgggegta
aagcgegegt aggtggnnnn ntttgttaag ttggatgtga aagecceggg ctcaacctgg
gaactgeatc caaaactggc aagctagagt acggtagagg gtggtggaat ttcctgtgta
gcggtgasat gegtagatat aggaaggaac accagtggeg aaggcgacca cctggactga
tactgacact gaggtgcgaa agcgtgggea geaaacagga ttagatacce tggtagtcca
cgccgteaac tageegttgg aatccttgag attttagtgg cgeagctaac geattaagtt
gaccgectgg ggagtacgge cnnnngcaag gttaaaactc aaatgaattg acgggggccc
gcacaagegg tggageatgt ggtttaattc gaagcaacge gaagaacctt accaggectt
gacatgcaga gaactttcca gagatggatt ggtgccttcg ggaactctga cacagngtge
tgcatggctg tegtcagete gtgtcgtgag atgttgggtt aagtcccgta acgagegeaa
cccttgtect tagttaccag cacgtnatgg tgggcactct aaggaganct gecggtgaca
aaccggagga aggtggegat gacgtcaagt catcatggee cttacggect gggetacaca
cgtgetacaa tggtcggtac agagggttge caagccgega ggtggagcta atctcacaaa
accgatcgta gtccggatcg cagtctgeaa ctcgactgeg tgaagtcgga atcgctagta
atcgegaatc agaatgtcge ggtgaatacg ttccctecgg gecttgtaca caccgecegt
cacaccatgg gagtgggtty caccagaagt agctagtcta accttcggga geggacggtt
accacggtgt gattcatgac tggggtgaag

file:///G:/1.M.part/Pseudomonas %20putida%20gene%20for % 20165 %20ribosomal %20RNA, %ZOperﬂal%Mewme,%msda%ZO-%ZONucleodde%D
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Escherichia coli gene for 16S ribosomal RNA, partial sequence, isolate - Nucleotide - NCBI

Mucleotide

GenBank

Escherichia coli gene for 16S ribosomal RNA, partial sequence, isolate: CG20160320M
GenBank: LC144556.1
FASTA  Graphics

30 10,

Locus LC144556 1464 bp DNA linear BCT 26-0CT-2016
DEFINITION Escherichia coli gene for 165 ribosomal RNA, partial sequence,
isolate: CG20160320M.
ACCESSION LC144556
VERSION LC144556.1
KEYWORDS .
SOURCE Escherichia coli
ORGANISM ichi i
Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacterales;
Enterobacteriaceae; Escherichia.
REFERENCE 1 ?
AUTHORS ~ Zaed,].A., Charan,A.A. and Singh,P.
TITLE Comparative analysis of bacterial diversity in water at (India)
Allahabad and (Libya) Tripoli through Metagenomic
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 1464)
AUTHORS  Zaed,J.A., Charan,A.A. and Singh,P.
TITLE Oirect Submission
JOURNAL  Submitted (©1-APR-2016) Contact:Jamilah Ali Ahmed Zaed Jacob School
of Biotechnology and Bioengineering, SHIATS, Molecular and Cellular
Engineering; Naini, Allahabad, Allahabad, U.P. 211807, India URL
shttp://www.shiats.edu.in/
FEATURES Location/Qualifiers
source 1..1464
/organism="Escherichia coli"
/mol_type="genomic DNA"
/isolate="CG20160320M"
/isolation_source="Domastic waste water Lucknow"
/db_xref="taxon:562"
/country="India"
/collection_date="2015-12-07"
/collected_by="Jamilah Ali Ahmed
<1..>1464
/product="16S ribosomal RNA"

attgaacgct ggeggeattc ggectaacac atgcaagtcg aacggtaaca ggaagettge
tgetttgetg acgagtggeg gacgggtgag taatgtctgg gaaactgeen gatggaggge
gataactact ggaaacggta gctaataccg cataacgtcg caagaccaaa gagggggacc
ttagggecte ttgecatcgg atgtgeccag atgggattag ctagtaggtg gggtaacgge
tcacctagge gacgatccct agctggtctg agaggatgac ccacactgga actgagacac
ggtccagact cctacgggag gcagcagtgg ggaatattgc acaatgggeg caagectgat
gcagccatge cgegtgtatg aagaaggect tcgggttgta aagtactttc agcggggage
aagggagtaa agttaatacc tttgctcatt gacgttaccc geagegtaag aagcaccgge
taactcegtg ccagcagecg cggtaatacg gagggtgcaa gegttaatcg gaattactgg
gcgtaaageg cacgeaggeg gtttgttaag tcagatgtga accccggget caacctggga
actgcatctg atactggcaa gettgagtct cgtagagggg ggnagaattc caggtgtage
ggtgaaatgc gtagagotct ggaggaatac cggtggcgaa ggcggcccce tggacgaaga
ctgacgctca ggtgegaaag cgtggggage 3aacaggatt agataccctg gtagtccacg
ccgtaaacga tgtcgacttg gaggttccct tgaggegtgg cttccggage taacgegtta
agtcgaccge ctggggagta cggccgeaag gttaaaactc aaatgaattg acgggggecec
gcacaagcgg tgacgatgag catgtggttt aattcgatgc aacgcgaaga accttacctg
gtcttgacat ccacggaagt tttcagagat gagaatgtgc cttcgggaac cgtgagacag
gtgetgeatg getgtegtca getcgtgttg tgaaatgttg ggttaagctc ccgcaacgag
cgcaaccctt atcctttgtt gocagetccg gecgggaact caaaggagac tgccagtgat
aaactggagg aaggtggega tgacgtcaag tcatcatgge ccttacgacc agggetacac
acgtgctaca atggcgcata caaagagaag cgacctcgeg agagcaageg nacctcaaag
tgcgtcgtag tccggattgg agtctgcaag ctcgactcca tgaagtcgga atcgetagta
atcgtggatc agaatgccac ggtgaatacg ttcccgggee ttgtacacac cgeccgteac
accatgggag tgggttgcaa aagaagggta gcttaacctt cgggagggeg cttaccactt
ttgtgattca tgactggggt gaag
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w7 Streptococcus anginasus gena for 16S ribosomal RNA, partial sequence, - Nuciectce - NCSI
Nucleotide

GenBank

Streptococcus anginosus gene for 16S ribosomal RNA, partial sequence, isolate:
CG201603200

GenBank: LC144558.1
FASTA  Gmphics

Goto

L0Cus LC144558 1589 bp DNA linear 8CT 26-0CT-2016
DEFINITION Streptococcus anginosus gene for 165 ribosomal RNA, partial
sequence, isolate: CG201603200.
ACCESSION L(144558
VERSION LC144558.1
KEYWORDS
SOURCE Streptococcus anginosus
ORGANISM x <
Bacteria; Firmicutes; Bacilli; Lactobacillales; strefdtococcaceae;
Streptococcus; Streptococcus anginosus group.
REFERENCE 1
AUTHORS  Zaed,).A., Charan,A.A. and Singh,P,
TITLE Comparative analysis of bacterial diversity in water at (India)
Allahabad and (Libya) Tripoli through Metagenomic
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 1589)
AUTHORS ~ Zaed,J].A., Charan,A.A. and Singh,P.
TITLE Direct Submission
JOURNAL  Submitted (©1-APR-2016) Contact:Jamilah Ali Ahmed Zaed Jacob School
of Biotechnology and Bioengineering, SHIATS, Molecular and Cellular
Engineering; Naini, Allahabad, Allahabad, U.P. 211007, India URL
thttp://www.shiats.edu.in/
FEATURES Location/Qualifiers
source 1..1509
/organism="Streptococcus anginosus”
/mol_type="genomic DNA"
/isolate="(G201603200" .
/isolation_source="Domastic waste water Lucknow"
/db_xref="taxon:1328"
/country="India"
/collection_date="2015-12-08"
/collected_by="Jamilah Ali Ahmed
PRNA <1..>1589
/product="165S ribosomal RNA"
ORIGIN
BCggcgtacc taannntaca tgcaagtagg acgcacagtt tataccgtag cttgctacac
catagactgt gagttgcgaa cgggtgaacg cgtaggtaac ctgectatta gagggggata
actattggaa acgatagcta ataccgcata acagtatgta acacatgtta gatgcttgaa
agatgcaatt geatcgctag tagatggacc tgcgttgtat tagctagtag gtagggtana
aggectacct aggcaacgat acatagccga cctgagaggg tgatcggeca cactgggact
Bagacacgge ccagactcct acgggaggca geagtaggga atcttcggca atggggggaa
ccctgaccga geaacgecge gtgagtgasg aaggttttcg gatcgtaaag ctctgttgtt
aaggaagaac gagtgtgaga atggaaagtt catactgtga cgtacnnntt aaccagaaag
gBacggctaa ctacgtgeca geagecgegg taa g 8 gagcg ttgtccggat
ttattgggcg taaagcgage ge t t B gcagtggete
aaccattgta gggaaactgt ttaacttgag tgcagaaggg gagagtggaa ttccatgtgt
3gcggtgaaa tgcgtagata tatggaggaa caccpgTRRC gaaagcegpet ctctggtctg
taactgacgc tgaggctcga 2agcgtgggg agcgaacagg attnnnagat accctggtag
Ttccacgecgt aaacgatgag tgctaggtet taggtccttt cogggactta grgccgtegg
tgtagcactc cgcctgggga gtacgaccgc aaggttgaaa ctcaaaggaa ttgacgggee
cccgcacaag cggtgRagca tgtggtttaa ttcgaagcaa cgcgaagaac cttaccaggt
cttgacatcc cgatgctatt tct tte t t cggtgacagg
tgEtECatgg tTELCRLcag CTcgtngtcg tgagatgttg ggttaagtcc Cgnaacgage
Bcaaccctta ttgtnagttg ccatcattga gttgggcact ctagegagac tgccggtaat
aaaaaccgtg ccggnnnagg aaggtgggg? tgacgtcaaa tcatcatgecc ccttatgacc
tgggctacac acgtgctaca atggetggta caacgagtcg caagccggtg acggeaaget
aatctctgaa agccagtctc agttcggatt gtaggctgca tgtcaaactc gectacatga
agtcggaatc getagtaatc gecggatcagc acgccgepgt gaatacgttc ccgggecttyg
tacacaccnn gnccgtcaca ccacgagagt ttgtaacacc cgaagtcpgt gaggtaaccg
taaggagcca gecgectaag gtgggataga tgattggggt gaagtcgtaa caaggtagec
gtatcggaa

file2//iG:/1.M parVStreplococcus % 20anginosus %20genes 20fcr % 20165, 20ribosomal %20 NA. %20partiai %20sequence, %20-% 20N ucleotide%204, 20N...  1/1
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