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A taxonomic description of bacteria was deduced from 5.78 Mb metagenomic sequence retrieved from Tulsi
Shyam hot spring, India using bacterial tag-encoded FLX amplicon pyrosequencing (bTEFAP). Metagenome
contained 10,893 16S rDNA sequences that were analyzed by MG-RAST server to generate the comprehensive
profile of bacteria. Metagenomic data are available at EBI under EBI Metagenomics database with accession no.
ERP009559. Metagenome sequences represented the 98.2% bacteria origin, 1.5% of eukaryotic and 0.3%were un-
identified. A total of 16 bacterial phyla demonstrating 97 families and 287 species were revealed in the hot spring
metagenome. Most abundant phyla were Firmicutes (65.38%), Proteobacteria (21.21%) and unclassified bacteria
(10.69%). Whereas, Peptostreptococcaceae (37.33%), Clostridiaceae (23.36%), and Enterobacteriaceae (16.37%)
were highest reported families inmetagenome. Ubiquitous species were Clostridium bifermentans (17.47%), Clos-
tridium lituseburense (13.93%) and uncultured bacterium (10.15%). Our data provide new information on hot
spring bacteria and shed light on their abundance, diversity, distribution and coexisting organisms.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Specifications
Organism/cell line/tissue
 Metagenome of Tulsi Shyam hot spring

Sex
 Not applicable

Sequencer or array type
 454 GS FLX pyrosequencing platform

Data format
 Raw data: FASTQ file

Experimental factors
 Environmental sample

Experimental features
 16S rRNA genes amplified from the metagenome using

bTEFAP followed by bacterial community analysis
using MG-RAST online server
Consent
 Not applicable

Sample source location
 Water sample, Tulsi Shyam hot spring, Gujarat State,

India
Direct link to deposited data

http://www.ebi.ac.uk/ena/data/view/ERP009559.
The temperature in hot springs is usually over the limit of eukaryotic

life, which restricts the microbial life to prokaryotes only. In addition to
gy, Veer Narmad South Gujarat
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. This is an open access article under
temperature, microbial diversity in hot springs is dictated by environ-
mental physicochemical characteristics including pH, redox potential
and concentration of trace elements [1–3]. Hot springs are well-
known sink of industrially interested thermophilic enzymes, encourag-
ing further study to understand the diversity of microbial life in these
habitats [4]. Physicochemical properties and geological features of hot
springs havebeenknown to geologists formanyyears. Themicrobiolog-
ical study of these ecosystems began in the mid of 20th century [5], and
afterward bacterial diversity study of various hot springwere conducted
arbitrarily using culture-dependent approach. Though, our understand-
ing regarding the presence and functioning of microbial community in
hot spring has been increased drastically with the development of com-
munity genomics or metagenomics [4]. Furthermore, high-throughput
community sequencing allows quick and inexpensive analysis of micro-
bial diversity in a single run. This leads to revolutionizingmicrobial ecol-
ogy studies of extreme environments including saline desert [6], Soda
Lake [7] and sulfidic hot springs [8].

Geological Survey of India had identified 340 hot-water springs in
the country and classified on the basis of their geo-tectonic setup and
grouped into six geothermal provinces. Tulsi Shyam hot spring is ar-
ranged under the ‘Deep sedimentary basin of Tertiary age’ situated in
Cambay basin in Gujarat state, India [9]. The water temperature of the
Tulsi Shyam hot spring is usually between 58 to 67 °C and the pH of
the water in the range of 6.8 to 7.7. Hot spring water is clear with no
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Abundance of bacterial Phyla reported in the Tulsi Shyammetagenome.

Fig. 2. Abundance of bacterial families in the
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visible turbidity and typical odor of hydrogen sulfide is sensed by visi-
tors. The first microbiological study on isolation of thermostable
alkaliphilic bacteria from Tulsi Shyam hot spring was published in
2006 [10]. Subsequently, enzymes producing Anoxybacillus beppuensis
[11] and Bacillus amyloliquifaciens [12] bacteria were isolated from the
hot spring. To our knowledge, this hot spring has not been investigated
so far. The present research is the first study to describe the bacterial
diversity present at Tulsi Shyam hot spring. The purpose of this study
was to obtain a map of the bacteria population through a culture-
independent molecular phylogenetic survey and gain the information
on the presence of bacteria valuable for biotechnology.

Water sample was collected from the Tulsi Shyam hot spring
(21°3′5″N, 71°1′30″ E), India and subjected to the ultrafiltration using
0.01 μm pore size filter. Retarded material on the filter paper was
subjected to extraction of metagenomic DNA using PowerWater®
DNA Isolation Kit (MO BIO Laboratories, Inc. CA, USA). Metagenome
high-through sequencing has been done by the bacterial tag-encoded
FLX amplicon pyrosequencing (bTEFAP) method [13]. The output was
10,893 sequences with 5,787,661 bp size and 55 ± 1% G + C content.
Further, sequences were processed and analyzed with MG-RAST on-
line server [14].
metagenome of Tulsi Shyam hot spring.
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After the analysis of metagenome sequences, a total of 98.2%
sequences were belonged to bacteria, 1.5% fits eukaryotic, and 0.3%
was unidentified. A total of 16 diverse bacterial phyla including unclas-
sified category were obtained in the metagenome. Prominent phyla
were Firmicutes (65.38%), Proteobacteria (21.21%) and unclassified
bacteria (10.69%) (Fig. 1). Metagenomes was comprised a total of 97
families with abundant existence of Peptostreptococcaceae (37.33%),
Clostridiaceae (23.36%), and Enterobacteriaceae (16.37%) (Fig. 2).

At the species level analysis, a total of 287 bacterial species were rec-
ognized with the prominent presence of Clostridium bifermentans
(17.47%), Clostridium lituseburense (13.93%) and uncultured bacterium
(10.15%). Out of 287 species, 15 species that represent 12.34% in
metagenome were categorized as an uncultured bacterial species; sug-
gest the hot spring harbor the wealth of uncultivable bacteria. The de-
tection of the human gut bacteria indicates existence of anthropogenic
intervention that is due to the exploitation of hot spring reservoir for
taking the bath for therapeutic and religious belief. The detection of
the thermotolerant and thermophilic species contribute significantly
to the composition of the microbial community of hot spring, and
whose presence is correlated with the geochemical properties of hot
springs. The reported diverse lineages of bacteria help to understand
how the physicochemical conditions and biological interactions have
shaped these microbial communities within hot spring. The existence
of biotechnological significant species in the metagenome suggests the
impending application of the hot spring bacteria that evokes the con-
tinuing research in this field.

Nucleotide sequence accession number: metagenome sequence
data are available on EMBL-Metagenomics under the accession no.
ERP009559.
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