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Abstract 

 

The Hot springs are one of the most inhospitable places on earth, even in such conditions some 

of the microorganisms survive battling the catastrophic nature of hot springs. The family of 

microorganisms are mostly related to each other and have many common features. Phylogenetic 

profiling of the isolates from the 2 different sources of hotspring can help us to get a comparative 

data. The Data can lead to many conclusions that will help in understanding the nature of the 

survival and the key features that help these microorganisms to adapt. Phylogenetic profiling is 

obtained mainly in the form of heatmap and graphical representation. 

Keywords: Hotsprings,Metagenomics,microflora,virus,bacteria,phylogeny. 

INTRODUCTION 

A hot spring is a spring emerged by the outbreak of geothermally heated groundwater that rises 

from the Earth's crust. Geothermal hot springs are present everywhere across the globe over the 

earth’s crust. The hot spring are mainly of two types, one type being the hot spring whose 

temperature is ambient for bathing and are kind off naturally present swimming pools. The 

second type of springs are the ones whose temperature that exceed ambient temperature >80°C 

[1]. The growing interest in the hot springs is because of the presence of microbial flora in the 

hot springs. Hot springs are the natural habitat of thermophilic and hyperthermophylic 

microorganisms with optimal growth temperatures being >50°C and >80°C respectively. The 

enzymes that are present in these organisms have a great industrial value as they can be used as 

bio-catalysts in industrial and biotechnological purposes. An example for this being Taq 

Polymerase from Thermus aquacticus that was a pioneering and integral part of developing PCR 

(Polymerase Chain Reaction). The phylogentic profiling of the samples from hot springs helps in 

finding out the microbial community that has survived the harsh conditions and in the present 

day world virus being one of the highly studied organism because of its high pathogenicity and 

spread of epidemics because of viral outbreaks. The viral population can be detected in 

environmental samples is purely based on the PCR and qPCR reactions and further can be 

analyzed based on the sequences that are obtained from the metagenomic sequencing 

technologies [2]. 



 

                                                                                                                                                                                        Volume 5 / Issue 6 2 

The advancement of metagenomic sequencing using the NGS technology has given rise to 

practices of sequencing technologies such as Shotgun metagenomics. The Total DNA that is 

present in the isolate sample is called the Metagenome and is extracted, purified and sequenced 

from environmental samples. In this method, not only a specific genomic locus is targeted for 

amplification but the entire cell population in the community is used. Genome sequences are 

sheared into tiny pieces and then taken for sequencing which results in DNA sequences which 

are also called as reads, which align to various genomic locations of the reference genomes. 

Some of these reads will be sampled based on taxonomically informative genomic loci (e.g., 

16S), and others will be sampled based on coding sequences which will provide information 

regarding the biological functions. Metagenomic data provides the opportunity to explore two 

aspects i.e. it helps in analyzing the microbial community as well as its potential function in the 

areas of interest (Sharpton, 2014). The microbial profiling helps in finding out how the microbial 

population is surviving in condition that are generally not suited for a consistent and rapid 

growth. Based on the organisms surviving in such harsh condition in future studies these 

organisms can be studied individually to find out the mechanisms that support these organisms to 

survive in such harsh conditions of temperatures ranging from 50 °C to 80 °C.[2] 

 

MATERIALS AND METHODS 

In our study, we have performed comprehensive metagenomic analysis from whole-genome 

shotgun sequencing data to find the distribution of microflora in different soil types. 

Computational tools such as MetaPhlAn, MetaPhlAn2 and GraPhlAn are used for analysis. 

PhyloPhlAn is used for phylogenetic and taxonomical profiling.  

Sample Collection 

Sample data are downloaded from SRA-NCBI with the accession IDS.SRA Data was 

downloaded using an automated website to download SRA files based on their run number. The 

website used was www.sradownload.com. The sample files were downloaded based on the 

samples isolated from hot springs. The samples were from shotgun sequencing projects. In our 

analysis we have downloaded the samples from hot springs across the world. The sequences 

from hot spring sediments have also been considered. 

The sample set we have taken consists isolates from Different hot springs of India. Lasundra hot 

spring in Gujarat, Tuva hot spring, Lonar Lake and Unkeshwar hot spring. 

 

 

Sample ID Sample Details Size 

ERR777788 The isolate from the hot spring from Gujarat, India called Lasundra 

Spring. 

98.6M 

ERR791764 The isolate from the hot spring from Gujarat, India called Tuva hot 

water spring. 

98.8M 

SRR2064714 The isolate from the meteoritic crater Lonar Lake, Sediment-1. 187.4M 

http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.2066.html
https://bitbucket.org/nsegata/graphlan
http://www.nature.com/ncomms/2013/130814/ncomms3304/full/ncomms3304.html
http://www.sradownload.com/
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SRR2069399 The isolate from the meteoritic crater Lonar Lake, Sediment-2. 119.6M 

SRR3050168 The isolate from the Unkeshwar Hot Spring. 212.9M 

Table 1: Sample details. 

Preparation of samples 

The raw data downloaded from the NCBI was converted using sratoolkit. Fastq-dump command 

was used to convert the raw SRA reads to fastq format. Fastq files were checked for quality 

using FASTQC toolkit. If the samples had any adapter contamination. The extra adapter 

sequences where trimmed using Cutadapt tool. The Fastq reads having the best quality were 

further taken for phylogenetic profiling.

 

MetaPhlAn to profile bacterial species from the isolate samples 

All the above mentioned tools are set up in UNIX environment. 

The SRA files are converted into fastq format using sratoolkit, which are piped to   MetaPhlAn 

for performing profiling operations. MetaPhlAn was run using the BowTie2 engine. This 

requires BowTie2 to be installed and in the system path. Profiled sample folder is created 

containing analyzed profiled samples.  

In the next step, we have merged the profiled metagenomes in a table of relative abundances and 

visualized the table with a heatmap. The matplotlib python library is installed for visualization of 

data. The resulting table contains relative abundances with microbial clades as rows and samples 

as columns. The python script is used to perform hierarchical clustering and clades to generate 

the heatmap. 

The abundance is calculated for species only, reporting the 35 most abundant clades according to 

the 90th percentile of the abundances in each clade.  

 

MetaPhlan2 to profile microbial flora including the viruses and other bacterial species. 

MetaPhlan2 is a tools that has been integrated with the genomes of viruses and other microbial 

population. The MetaPhlan2 toolkit is the modified version of Metaphlan. In this version the 

number references are more and is suited for the samples from environmental source. The Virus 

reference genomes have been included and the results provide a better insight towards the 

presence of viral population in the isolated samples. 

 

GraPhlAn visualization of single and multiple samples 

Graphical representation of single profiled samples or a merged table of relative abundances is 

performed using GraPhlAn. GraPhlAn is downloaded using  

Mercurial: hg clone ssh://hg@bitbucket.org/nsegata/graphlan and installed along with matplotlib 

python library. 

The metaphlan.py script is used to generate two required input files for GraPhlAn which are (i) a 

tree structure to represent and (ii) graphical annotation options for the tree. 

Merge_metaphlan_tables.py is python script that helps to merge the profiled tables that have 

been profiled from metaphlan2graphlan. The next step is to create heatclustermap for the 

http://bowtie-bio.sourceforge.net/bowtie2/index.shtml
http://matplotlib.org/
http://mercurial.selenic.com/
http://matplotlib.org/
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abundancy of microbial population in the input samples which is carried out using 

metaphlan_hclust_heatmap.py which is a part of plotting scripts which runs on the R platform 

for various processing steps to generate the heatmap. The script metaphlan2graphlan.py was used 

to generate tree text file for the construction of phylogenetic tree that shows how much the 

microbial flora are related. 

The tree file in text format was converted to a web readable graphical markup language format 

using Graphlan library and was converted using graphlan_annotate.py.  The xml format that was 

converted by annotate script has to be converted to a phylogentic tree and that was done using 

graphlan.py. Finally the output shows the phylogenetic tree and the results shows the relation 

between microbial flora. 

 

RESULTS AND DISCUSSION: 

The phylogenetic profiling was carried out two methods, one using, MetaPhlan which is more 

directed towards profiling the bacterial population and the tool MetaPhlan2 that considers the 

viral population for the profiling .The results are plotted graphically with 35 most abundant 

clades on the Y axis and the samples on the X-axis. The heatmap also depicts the relation 

between the samples and the microbial flora present the respective samples. The results from the 

 

 
Figure1: Abundancy heat map to compare the microbial population profiled using MetaPhlan. 

The heat map scale is mainly based on the color coding which starts with black color ending with 

yellow in which black being low abundancy and yellow being highest abundancy measure. Heat 

map also has a network to for phylogentic tree that shows the relativeness of microbial species. 

The cladogram is constructed along with heat map and this information can help us in 
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concluding the presence of related species in the region where the samples had been taken from. 

The metagenomic analysis for the generation of phylogenetic tree helps in finding out the 

relationship across the microbial population present in the samples and it also helps knowing the 

major types of microbial species present in the samples. 

 

 
 

Figure1: Abundancy heat map to compare the microbial population profiled using MetaPhlan2. 

From the analysis it can be seen that the sample from Lasundra hot spring i.e. sample Id 

ERR777788 has a large abundancy of Bacillus species and a very small presence of viral 

population in the form of Turidvirus_2. The sample from desert soil SRR2069399 contains a 

wide variety of viral flora with a lowest amount bacterial population. The sample SRR2064714 

from geothermal site showed the existence of a number viral species different from other 

samples including some common species. The sample SRR3050168 showed presence of only 

Rhodococcus species without any viral population being detected. The sample ERR791764 

showed a very species of viruses and bacteria which are present in almost equal numbers.
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Figure 3: Phylogenetic tree from the dataset analyzed using MetaPhlan 

 

The phylogenetic tree mainly shows the species distribution and it was found that main microbial 

species that were found are Mycobacteriaceae, Acitinomycetales, Nocardiaceae, Bacillus, and 

Clostridales. The species are arranged in the order of their abundancy in the samples. The 3 main 

species that were recognized by the analysis were   A: Rhodococcus, B: Mycobacterium & C: 

Bacillus.
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Figure 4: Phylogenetic tree from the dataset analyzed using MetaPhlan2 

The Phylogenetic tree from the data analysed using MetaPhlan2 shows the presence of number 

of variety of viral population and only a small population of Bacillus was found in the samples 

and analysis using MetPhlan2. 

CONCLUSION: 

Phylogenetic profiling of microbial community in the hot spring isolates gives us information 

about the different types of microbial species and their survival instincts in harsh conditions. 

From the overview of this analysis it is clear that most of the viral community is highly adaptive 

to harsh conditions as they present in dormant form when outside a host. The Bacterial 

community majorly dominated by Bacillus gives us the confirmation that they are one of the 

extreme living organisms that are found on earth. The presence of bacterial species as reported in 

several literature and experiments in hyperthermal environments can be taken as a verification 

that the tool has a good coverage in terms of accuracy and consistency to find out right 

organisms from the metagenomic raw data. 
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