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            Abstract 
Hot springs are the high temperature environments that serve as the ideal habitats for a number of thermophilic 

microorganisms. Exploration of microbial communities of these environments has both basic and applied aspects.  The 

limit of the traditional culture based methods to access microbial world has now been extended many folds by the culture-

independent approach of metagenomics. World over metagenomic studies of hot springs have resulted in the 

identification of several novel prokaryotic life forms as well gene(s) of immense industrial applications. There are several 

thermal springs located within the territorial boundary of India and quite a few of them have been explored for 

metagenomic investigations as well.  This review describes community structure elucidation as well as functional gene 

identification in the community genome of some hot springs in India. 
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Introduction 
Thermal springs are hot aquatic ecosystems that are 

widely distributed throughout the world. They are 

most numerous in volcanically active areas (Tanti 

and Saha, 1993) and have great geological and 

environmental relevance. In the past few decades 

these high temperature environments have also 

been proved to be the ideal habitats of thermophilic 

and hyperthermophilic microbes (Chaudhuri et al., 

2017) that have immense industrial applications. 

The commercial uses of microbial thermostable 

metabolites such as enzymes, have made hot 

springs attractive sites to explore the associated 

microbial wealth. Over the years, several novel 

microorganisms have been isolated and identified 

and their commercial applications have been 

established by employing the traditional culture 

based methods. Culture based methods however, 

give access to a very small proportion of the                                                                                                                                                              

microbial population compared to the overall size 

of the microbial community in an environment 

(Staley and Konopka, 1985). It may be due to 

various reasons such as lack of proper media 

formulation, inability to provide in-vitro conditions  

Author’s Address  
1 Department of Zoology & Biotechnology 

HNB Garhwal University, Srinagar (Garhwal), Uttarakhand, 

India 

E-mail: gkjoshi77@gmail.com 

similar to the environmental conditions etc. 

(Handelsman, 2004). In the recent time, the culture 

independent approach of metagenomics and 

associated technologies have revolutionized the 

study of microbial diversity, adaptation and 

evolution (Riesenfeld et al., 2004). It has also 

become a modern tool for functional 

characterization of microbial life forms. Worldover, 

many hot springs have been explored for estimation 

of the associated microbial diversity as well as to 

hunt the novel gene(s) encoding important 

metabolites by employing the techniques of 

metagenomics (López-López et al., 2013). The 

approach of metagenomics is fastly replacing the 

traditional culture based approach to study the 

phylogenetics as well as functional attributes of 

microbial diversity in Indian hot springs as well. 

This review describes the outcome of the 

metagenomic studies undertaken in Indian hot 

springs.  

 

Functional metagenomics in Indian hot springs 
The functional metagenomics is as an efficient 

method consisting of extraction, cloning and 

analysis of the entire genetic component of a 

habitat, thus allowing the investigation of wide 

diversity of individual genes and their products 
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(Rondon et al., 2000). Till date various reports have 

been published on functional metagenomic studies 

of different habitats nationally and internationally 

(Saxena et al., 2017; Schmeisser et al., 2017). 

However, there are only handful of reports on 

function based metagenomic studies carried out in 

Indian hot springs. The literature survey revealed 

that hot springs in India, that are explored for the 

isolation of some enzymatic and other genes are 

Manikaran hot spring (Himachal Pradesh), a 

geothermal spring from North Himalayan region 

(Jammu & Kashmir), Chumthang hot spring 

(Ladakh), Puga hot spring (Ladakh), Taptapani hot 

spring (Odisha) and Tapovan Hot spring 

(Uttarakhand). Some novel thermostable enzymatic 

genes have been isolated from the Indian hot spring 

metagenome by Gupta et al., (2012) and Singh et 

al., (2015). The former group in their study isolated 

a novel β-galactosidase enzyme of 447 amino acid 

residues belonging to glycoside hydrolase family, 

from a geothermal spring in North Himalayan 

region. The temperature and pH optima of this 

enzyme were found to be 65°C and 8.0, 

respectively. It was showing 80% of the enzymatic 

activity even at pH 10.0. A thermophilic pectinase 

was isolated from Manikaran hot spring that was 

composed of an ORF of 1311bp (Singh et al., 

2012). This enzyme was found to have temperature 

and pH optima of 70°C and 7.0, respectively, and 

active over a broad temperature and pH range. The 

Chumthang hot spring (Ladakh) was also screened 

for protease enzyme where after screening of 9000 

clones, a single clone showing protease activity was 

identified. Sequence analysis of the protease gene 

revealed this to be a 363 amino acids long protein 

(Singh et al., 2015).  One thermo-alkali stable and 

surfactant stable endogluconase gene consisting of 

554 amino acids was identified from metagenomic 

library of Puga hot spring, Ladakh using functional 

screening (Gupta et al., 2017). The enzyme 

exhibited activity over a broad range of pH and 

temperature with optima at pH 8.0 and 65°C, 

respectively. Lipase enzymes were obtained by 

cloning and analysing the metagenome of 

Taptapani hot spring (Odisha) by Sahoo et al. 

(2017). The lipase enzyme was stable over a range 

of pH 7.0-9.0 and temperature of 55-75°C, and 

hydrolyzed a wide range of esters. Rawat and Joshi, 

(2015) have identified two amylase positive clones 

in a metagenomic library created from a hot spring 

located in Tapovan region of Uttarakhand.   

 

Elucidation of microbial diversity and 

community structure in Indian hot springs 
 

For the study of bacterial diversity in any 

environment, 16S rRNA gene analysis plays a key 

role, both in cultural as well as non cultural 

approaches. The rRNA sequences are popular in 

bacteriology because it is often easier to identify 

bacteria by specific nucleic acid sequences rather 

than by their biochemical or physiological traits 

(Marchesi et al., 2001). The partial 16S rRNA 

based metagenomic approach has been utilized 

globally for the study of resident microbiota in 

extreme environments (Chan et al., 2015). The first 

microbiological investigation on any hot spring 

using metagenomic approach in India was done by 

Ghosh et al., (2003). They studied the bacterial 

diversity of Bakreshwar hot spring, West Bengal by 

preparing 16S rRNA clonal library and concluded 

that there was abundance of Proteobacteria 

followed by Cynobacteria and green non sulphur 

bacteria. Sharma et al., (2015) performed 

metagenomic study to determine microbial 

diversity of Soldhar hot spring in Uttarakhand using 

clonal library and denaturing gradient gel 

electrophoresis (DGGE). They also detected 

Proteobacteria as the most predominant group. 

Similar observations with regard to the 

predominance of Proteobacteria in hot spring were 

recorded by Mohanrao et al., (2016) while 

analysing the microbial diversity of Tattapani hot 

spring, Himachal Pradesh.With the use of advance 

sequencing techniques such as high throughput 

sequencing or Next generation sequencing (NGS), 

there is a boom in the reports of microbial diversity 

analysis of different environments including hot 

springs. Presently, a number of hot springs have 

been investigated for whole microbial community 

analysis using these advance techniques. The high 

throughput sequencing approach is used first by 

amplifying the conserved regions of 16S rRNA 

gene followed by sequencing on different platforms 

like FLX amplicon pyrosequencing (Ghelani et al., 

2015); Ion Torrent PGM platform (Mangrola et al., 

2015); Illumina sequencing (Panda et al., 2016). 

Many hot springs in India, like Atri and Taptapani 

(Sahoo et al., 2015), Tulsi Shyam (Ghelani et al., 

Rawat  et al.,  
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2015), Lasundra (Mangrola et al., 2015), 

Manikaran hot spring (Bhatia et al., 2015), Jakrem 

hot spring (Panda et al., 2015), Tuwa hot spring 

(Mangrola at al., 2015), Deulajhari hot spring 

(Singh et al., 2016), Unkeshwar hot spring 

(Mehetre et al., 2016), Yumthang hot spring (Panda 

et al., 2016) and Soldhar hot spring (Sharma et al.,  

 

 

Table 1. Microbial community structure in Indian hot springs 
S.N. Hot spring Metagenomic approach Microorganisms present (%) References 

1.  Bakreshwar, West 

Bengal 

 

 

 

Two hot springs 

at Bakreshwar  

 

16S rRNA gene cloning 

 

 

 

 

High throughput 

sequencing, illumina 

Miseq platform  

Proteobacteria (40%), 

Cyanobacteria (32%), Green 

nonsulfur bacteria (12%), 

Low- GC gram positive 

bacteria (16%) 

One was dominated by 

Fermicutes (65.85%) followed 

by phylum Synergistetes 

(27.24%). Another was also 

dominated by Fermicutes 

(96.10%)  

Ghosh et al., 2003 

 

 

 

 

Chaudhuri et al., 

2017 

2. Soldhar, 

Uttarakhand 

a)16S rRNA cloning, 

DGGE, functional nif 

gene cloning 

b) High throughput 

sequencing in Ion 

Torrent sequencing 

platform 

 

Proteobacteria (50%), 

Aquificae (38%), 

Deinococcus-Thermus (9%) 

Proteobacteria (88.8%), 

Deinococcus-Thermus (7.5%), 

Actinobacteria (2.3%), 

Fermicutes (1.07%), were 

found in predominance 

whereas Bacteroidetes, 

Verrucomicrobia, Aquificae 

and Acidobacteria were found 

in lower abundance. 

Sharma et al., 2015 

 

 

Sharma et al., 2017 

3. Atri and 

Taptapani, Odisha 

Deep sequencing 

analysis using illumine 

bar coded platform 

Proteobacteria (45.17%) 

dominated the Taptapani 

followed by Bacteriodetes 

(23.43%) and Cyanobacteria 

(10.48%) while in the Atri 

sample Chloroflexi (52.39%), 

Nitrospirae (10.93%) and 

Proteobacteria (9.98%) were 

dominating. 

Sahoo et al., 2015 

4.  Tulsi Shyam, 

Gujarat 

High throughput 

sequencing on 454 GS 

FLX pyrosequencing 

platform 

98.2% of metagenome was of 

bacterial origin, 1.5% 

eukaryotic, 0.3% unidentified. 

Abundant bacterial phyla were 

Firmicutes (65.38%), 

Proteobacteria (21.21%) and 

unclassified bacteria 

(10.69%). 

Ghelani et al., 2015 

5. Lasundra, Gujarat High throughput 

sequencing using Ion 

Torrent PGM platform  

99.21% sequences were of 

bacterial origin, 0.43% 

eukaryotic and 0.11%  

belonged to archea. Abundant 

Mangrola et al., 2015 
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prokaryotic phyla were 

Firmicutes (95.5%) and 

Proteobacteria (2%),  

6. Manikaran, 

Himachal Pradesh 

High throughput 

sequencing using 

Illumina Miseq platform 

Dominant phyla were 

Firmicutes (28-84%), 

Aquificae (2-64%), 

Deinococcus-Thermus (1-

18%). Crenarchaeota (0.04-

3%) was the main archeal 

phylum. 

Bhatia et al., 2015 

7. Jakrem, 

Meghalaya 

High throughput 

sequencing using 

illumina sequencing 

platform 

Dominated bacterial phyla 

were Firmicutes (61.60%), 

Chloroflexi (21.96%) and 

unclassified bacteria (1.2%). 

Panda et al., 2015 

8. Tuwa hot spring, 

Gujarat 

Shotgun sequencing, Ion- 

Torrent PGM platform 

99.1% sequences belonged to 

bacteria, 0.3% to eukaryotic, 

0.2% virus and 0.05% from 

archea. Firmicutes (97%), 

Proteobacteria (1.3%) and 

Actinobacteria (0.4%) were 

the dominating phyla reported. 

Mangrola et al., 2015 

9. Deulajhari, 

Odisha 

High throughput illumina 

sequencing platform 

Major phyla were Chloroflexi 

(22.98%), Proteobacteria 

(15.51%), Acidobacteria 

(14.51%), Chlorobi (9.52%), 

Nitrospirae (8.54%) and 

Armatimonadetes (7.07%). 

Singh et al., 2016 

10. Unkeshwar, 

Maharashtra 

Shotgun sequencing, 

Illumina Hi seq 2500 

99.98% sequences belonged to 

bacteria, 0.01% archea and 

0.01% viruses. The dominant 

phyla found were 

Actinobacteria (56%), 

Verrucomicrobia (24%), 

Bacteriodetes (13%), 

Deinococcus-Thermus (3%) 

and Firmicutes (2%) 

Mehetre et al., 2016 

11. Yumthang, 

Sikkim 

Illumina Mi-seq 

technology  

Dominant phyla were 

Proteobacteria (83.68%), 

Bacteroidetes (10.93%) and 

Thermi (1.78%). 

Panda et al., 2016 

12. Hot spring from 

North Himalayan 

region 

High throughput 

sequencing for exploring 

bacterial diversity by 

Laccases gene: the multi 

copper enzymes  

Bacteroidetes (74.28%), 

Proteobacteria (24.53%), 

Cellvibrio (6.14%) 

Gupta et al., 2017 

 

2017) have been studied for whole microbial 

community analysis using the above advanced 

techniques (Table 1). These studies indicated an 

abundance of bacterial phyla over archea and 

viruses. In most of the Indian hot springs bacterial  

 

community comprised primarily of the members of 

the phylum Proteobacteria, Fermicutes, 

Bacteriodetes, Dienococcus-Thermus, Aquificae 

and Actinobacteria with varied level of abundance. 

For instance, the percentage of Proteobacterial 

Rawat  et al.,  
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population in different hot springs varied from 

1.3% to 88% (Mangrola et al., 2015; Sharma et al., 

2017). Similarly, the presence of phylum 

Firmicutes varied from 2% to 97% in different hot 

springs (Mangrola et al., 2015; Mehetre et al., 

2016). On the other hand, some phyla like 

Chloroflexi, Synergistetes, Nitrospirae, 

Crenarchaeota were detected in just a few hot 

springs only (Bhatia et al., 2015; Sahoo et al., 

2015; Chaudhuri et al., 2017). The variation in the 

relative abundance of microbial types in these hot 

springs may be due to their different 

physicochemical conditions. At genus level, 

Bacillus, Geobacillus, Paenibacillus, Clostridium, 

Pseudomonas and Meiothermus were found in 

abundance in Indian hot springs studied so far 

(Panda et al., 2016; Sharma et al., 2015; Gupta et 

al., 2017). Apart from these known microbial phyla 

or genera, the NGS of hot springs in Indian also 

resulted in identification of many unclassified 

sequences that remained taxonomically unresolved 

(Panda et al., 2016; Sharma et al., 2017). This 

indicates the possibility of the presence of 

potentially novel microbes in these hot springs.  
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