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ABSTRACT: Numerous habitats are home to microscopic organisms called bacteria. They are plentiful and play a 
variety of roles in our lives. To determine which bacteria are required for several industrial uses, it is imperative that we 
study bacteria. The primary issue, though, is that most bacteria cannot be cultured, which makes it difficult to study 
microorganisms from various habitats. The metagenomics method of studying bacteria, which makes use of Next 
Generation Sequencing technology, may make use of the 16S rRNA marker gene. This study aims to demonstrate the 
use of data mining and bioinformatics approaches to analyze 16S rRNA sequencing data. The Biological database 
provided the raw sequencing data for 16S rRNA. The data was then clustered, denoised, and trimmed to produce 
Amplicon Sequence Variants (ASVs). Diversity (alpha and beta) and taxonomic analyses were then performed to 
elucidate the bacterial diversity and taxonomic profile of ASVs. The study's findings demonstrated that China's hot 
springs have higher Shannon and PD indices than those in Singapore and the United States. Additionally, a noteworthy 
variation was noted in the PD index. The bacterial populations at the three sites differed significantly, according to the 
unweighted UniFrac distance as well. Furthermore, the taxonomic study identified Proteobacteria, Chloroflexi, 
Cyanobacteria, and Crenarchaeota as the main bacterial groups in the ecosystem. The results may serve as a foundation 
for more bacterial metagenomic research, particularly that which focuses on the environment of hot springs. 
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I. INTRODUCTION 

 
Bacteria are single-celled organisms that live in a variety of environments, from commonplace ones like soils and 
oceans to extreme ones like ice and hot springs [1].  
 
Moreover, the human body and plants both contain them [1]. Bacteria belong to the two groups of organisms (Archaea 
and Bacteria) known as prokaryotes because they lack a nucleus and membrane-bound organelles. Broadly speaking, 
bacteria are essential to human health as well as a number of biogeochemical cycles, including the nitrogen and carbon 
cycles [2, 3]. 
 
Hot springs are formed when hot water rises to the surface as a result of tectonic or volcanic activity. The hot spring's 
temperature, which ranges from 40°C to the boiling point, creates an intense environment that encourages the growth of 
a specific kind of bacteria called thermophiles [4]. Apart from its high temperature, the hot spring often faces additional 
environmental stressors such fluctuations in pH between low and high, the presence of dissolved sulfide and other 
minerals, and insufficient supply of nutrients.  
 
As a result of overcoming these obstacles, some thermophiles fall within the category of polyextremophiles, which are 
able to adjust to a range of harsh environments [5]. 
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Since bacteria significantly affect human lives, it is crucial to research germs from a variety of settings, particularly 
harsh ones. This allows us to clarify the diversity and makeup of certain bacteria at a given niche or environment [6]. 
Finding the bacteria that contribute to a certain ecological process in an environment is another advantage of 
determining the taxonomic structure [7]. We might even be able to extract new germs from harsh settings that could be 
used for a variety of things, including medicine [8]. microorganisms are typically isolated and grown in a growth 
medium as part of the culture-dependent approaches used in the traditional approach to studying microorganisms [9]. 
Even though around 90% of the bacterial species on Earth are still unidentified, only a small portion of bacteria can be 
isolated and grown in a laboratory [10]. This turns becomes the primary issue since it prevents the investigation of new, 
promising bacteria that could have industrial uses. Culture-neutral techniques were created to solve the issue. The 
genetic diversity and makeup of bacteria, particularly those that cannot be cultivated, can be determined using culture-
independent techniques [11].  
 
Additionally, the techniques concentrate on extracting genetic material from microorganisms, a process known as the 
metagenomics approach [11]. 
 
The study of unculturable bacteria has made extensive use of the metagenomics technique. The small subunit of 
ribosomal ribonucleic acid, or 16S rRNA, is used as a molecular marker in this method [12]. Since all bacterial species 
often contain the 16S rRNA, it is employed [13]. Additionally, due to moderate mutation rates, it includes areas that are 
comparatively preserved [13]. Because of this feature, the 16S rRNA is perfect for determining the taxonomic makeup 
and evolutionary relationships of bacterial populations [14]. The introduction of next-generation sequencing (NGS) 
technology has significantly improved the metagenomics technique by enabling the rapid and economical acquisition of 
high-throughput data [15]. Consequently, there has been a notable surge in the quantity of 16S rRNA sequencing data 
added to the biological database and GenBank in recent years [16]. To interpret the available sequencing data, data 
mining and computational biology/bioinformatics techniques must be used.  
 
In this study, we illustrated how to use bioinformatics and data mining techniques to examine 16S rRNA sequencing 
data produced by NGS technology. The results of the study could serve as a guide to compare the variety of bacteria 
from different biological databases and to clarify the composition of bacteria.  
 

II. RELATED WORKS 

 
The environment around hot springs has been the subject of numerous studies. These mostly seek to identify and isolate 
thermophilic bacteria with the capacity to produce industrial enzymes. In 2019, 85 bacterial isolates from Turkish hot 
springs were examined by Gulmus and Gormez [17]. They discovered that over 50% of these isolates could produce the 
enzymes lipase, protease, and amylase. Abdollahi et al. 2020 carried out a similar investigation in which they 
characterized thermophilic bacteria from an Iranian hot spring using a culture-dependent methodology [18]. They 
identified two bacteria, Bacillus altitudinis and Thermomonas hydrothermalis, as possible sources of protease enzymes. 
Anoxybacillus flavithermus, a bacterium that produces amylase, was successfully identified from a Malaysian hot 
spring by Fazal et al. in 2022 [19]. Another study was carried out to identify the microorganisms discovered in the hot 
springs of the Republic of Korea. In 2022, Lee et al. identified 22 isolates that are capable of producing the enzymes 
lipase, protease, or amylase [20]. They also found other bacterial species that are common in these hot springs, 
including Aeribacillus, Bacillus, Caldibacillus, Geobacillus, and Thermoactinomyces [20]. Additionally, George et al. 
2023 examined the diversity of bacteria at Singapore's Sembawang Hot Spring using the 16S rRNA gene sequencing 
technique [21]. The results showed that some bacterial taxa, including Roseiflexus sp., Thermosynechococcus 
elongatus, Oscillatoriales cyanobacterium, and Chloroflexus sp., predominate in the environment. According to earlier 
research, harsh settings like hot springs hold promise for the investigation of microorganisms with certain traits. 
Additionally, metagenomic research employing 16S rRNA gains popularity. Thus, we used data mining and 
bioinformatics tools to examine 16S rRNA sequencing data. 
 

III. METHODOLOGY 
 
Overall, the suggested approach employed in this work consists of the following steps (Fig. 1): taxonomic analysis, 
diversity analysis, data preprocessing, and data mining. 
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a) Data collection 

The sequence read archive (SRA) of the National Center for Biotechnology Information (NCBI) 
(https://www.ncbi.nlm.nih.gov) provided us with the sequencing data, which was generated by the Illumina Platform of 
NGS technology. We used the term "hot spring metagenome" to retrieve raw 16S rRNA amplicon sequencing data 
from China, Singapore, and the USA. The SRA Toolkit bioinformatics program was used to retrieve the fastq format 
containing the 16S rRNA sequencing data. Additionally, the NCBI provided the sequencing data's metadata. The data 
gathering technique yielded a total of 12 sequencing data. 
 
b) Data pre-processing 

The NCBI-provided raw sequencing data was analyzed using the QIIME 2 tool [22]. First, a QIIME extension file was 
created by importing the raw data using the import tool. Based on the quality score of the measurements, the imported 
data was trimmed and then denoised to remove contaminants. Both the denoising and trimming processes were carried 
out using the DADA2 program, which resulted in Amplicon Sequence Variants (ASVs). Following that, de novo 
clustering was used to group the ASVs at 99% sequence similarity. The data was clustered and viewed using the 
QIIME2 feature table tool. 
 
c) Diversity analysis 

The variety of microorganisms was examined in the R environment. Faith's Phylogenetic Diversity (PD) and Shannon's 
index (H) are two alpha diversity indices that were created using the vegan program. To ascertain whether alpha 
diversity varied significantly between places, the Kruskal-Wallis test was employed, and Dunn's test was employed as a 
post hoc analysis. Furthermore, the unweighted unifrac distance was used to estimate the community dissimilarity that 
accounts for evolutionary links (beta diversity). 
 
d) Taxonomic analysis 

The taxonomy analysis of the sequencing data was performed using the pre-trained Naïve Bayes classifier in the 
QIIME 2 classifier tool. The Greengenes 13_8 99% OTUs (Operational Taxonomic Units) were used to train the 
classifier.The QIIME 2 taxonomy barplot tool was then used to display the taxonomic makeup in bar plots. ASVs 
classified as "unassigned" were those whose taxonomic levels could not be ascertained. 
 

IV. RESULTS AND DISCUSSION 
 
Using the SRA Toolkit's fastq-dump function, we first obtained the raw data (fastq file) from the hot spring 16S rRNA 
amplicon sequencing. The Ilumina platform's paired-end library layout 16S rRNA sequencing data was the one we 
chose. 
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This is because the sequencing data generated by paired-end sequencing is more comprehensive and of higher quality, 
which facilitates bioinformatics analysis [23]. The DADA2 tool was used to trim and denoize the received sequencing 
data. DADA2 employs a particular method to deduce the actual sample composition by modeling the errors produced 
during the sequencing process. Amplicon Sequence Variant (ASV) is produced by denoising amplicon reads to remove 
sequence mistakes and identify the right biological sequences, while trimming eliminates adapters and poor sequences 
[24]. Following denoising and trimming, 5,289 ASVs were produced. Following that, the ASVs were further grouped 
using a de novo clustering technique at 99% similarity, producing 4,440 ASVs with 650,353 features overall for the 
entire sample (Table I). A collection of sequences was grouped into pertinent taxonomic levels using the clustering 
technique [25]. Since the de novo clustering approach outperforms reference-based clustering in terms of assigning 
ASVs, we used it. 
 
We next used the clustered ASVs to create a tree for phylogenetic diversity analyses. The phylogeny tool from QIIME2 
was used for this. Bacterial diversity was then examined using the clustered ASVs and the phylogenetic tree. The 
analysis found that the Shannon index of China's hot springs was higher than that of Singapore's and the US's (Fig. 2). 
A higher value of the Shannon index, which measures the richness of the bacterial community, suggests that the 
environment contains a greater variety of bacterial species [26]. According to the statistical analysis, however, the three 
locations' Shannon indices did not differ much. Similar to the Shannon index, the PD index is higher in the Chinese hot 
spring than in other locations. Furthermore, the PD index's Kruskal-Wallis test revealed a significant difference across 
the three locations (Table II). Following that, we employed a post-hoc test called Dunn's Test to determine whether 
location pairs had significant differences. According to Table I, the results showed that the differences in bacterial 
diversity originated from China-USA marriages. By considering the phylogenetic relationships within the bacterial 
population, Faith's PD computes an index of bacterial diversity [27].  
 
In general, there are differences in the alpha diversity indices among the three sites. More diversified bacteria may be 
able to survive and proliferate in the environment if the index value is greater. 
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We conducted a beta diversity analysis of the hot spring habitat in addition to an alpha diversity analysis. The 
differences in bacterial species between two or more environments/ecosystems are reflected in the beta diversity. Here, 
we measured the differences in bacterial populations across the three hot spring locations using the unweighted UniFrac 
distance. For beta diversity analysis, the unweighted UniFrac distance has been used extensively since it calculates the 
fraction of branch length that is unique while accounting for species presence and absence data. The best method for 
detecting shifts in numbers in rare lineages is to use this distance [28]. According to the unweighted UniFrac distance 
result, the bacterial communities in the USA, Singapore, and China separated into three separate clusters (Fig. 3). 
 
The bacterial species found in each site were relatively different, as the statistical test also showed that the bacterial 
communities of the three sites differed significantly (PERMANOVA, P-value <0.001). 
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We conducted a beta diversity analysis of the hot spring habitat in addition to an alpha diversity analysis. The 
differences in bacterial species between two or more environments/ecosystems are reflected in the beta diversity. Here, 
we measured the differences in bacterial populations across the three hot spring locations using the unweighted UniFrac 
distance. The unweighted UniFrac distance has been commonly used for beta diversity analysis since it incorporates 
species presence and absence data and calculates the unique proportion of branch length. This distance is the most 
effective way to identify changes in numbers in uncommon lineages [28]. Three separate clusters that were segregated 
from each other were created by the bacterial communities in China, Singapore, and the USA, according to the 
unweighted UniFrac distance result (Fig 3,).Additionally, the statistical test revealed a significant difference between 
the bacterial communities of the three sites (PERMANOVA, P-value <0.001), suggesting that the bacterial species 
found in each site were relatively different. 
 
Taxonomic analysis was performed to calculate the number of species from the clustered ASVs using the 16S rRNA 
database from Greengenes (99% OTUs). It is demonstrated that each place has a different taxonomic profile. 
Chloroflexi, Cyanobacteria, and Bacteria (unknown species) dominated the bacterial population in the hot spring in 
China (Fig. 4). Proteobacteria, Chloroflexi, and Cyanobacteria were the three types of bacteria that were most prevalent 
in Singapore's hot spring (Fig. 4). Proteobacteria, Chloroflexi, and Cyanobacteria dominated the hot spring habitat in 
the USA, just like they did in Singapore (Fig. 4). It's noteworthy that while Crenarchaeota was not as common in the 
other locations, it was in the USA. 
 
Despite being considered a harsh habitat, the hot spring may nonetheless be able to support a variety of animals.Hot 
springs are known to harbor Cyanobacteria and Chloroflexi [29]. They were able to adapt to difficult conditions, such 
as the high temperatures and sulfur concentrations of hot springs, which is why. A hot spring is probably home to 
Crenarchaeota, an archaeon that loves environments with high temperatures and sulfur [29]. Furthermore, a study 
conducted in 2021 by Choure et al. [30] showed that India's hot springs were rich in Proteobacteria. This implies that 
Proteobacteria can thrive in the hot spring environment. 
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V. CONCLUSION 

 
Utilizing bioinformatics and data mining techniques, we analyzed 16S rRNA sequencing data from three different hot 
spring settings. The results of this investigation showed that the alpha indices (Shannon and PD) of hot springs in China 
were superior to those in Singapore and the US.Additionally, the statistical test confirmed that the PD indices at the 
three locations varied significantly from one another. Significant variations in the bacterial communities in China, 
Singapore, and the USA were revealed by the unweighted UniFrac distance for the beta diversity analysis. The 
taxonomic analysis also found some taxa that dominated the environment, such as Proteobacteria, Chloroflexi, 
Cyanobacteria, and Crenarchaeota.  Further bacterial metagenomic research, especially in the setting of hot springs, 
could be guided by the study's findings. 
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