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Abstract

Metagenomics has brought a revolutionary change in deciphering microbial diversity in a culture-independent manner. Metagenomics technology paves the way for analysing genetic material obtained directly from river water and has provided a new direction for studying the overall microbial communities of river water. This review highlights the metagenomic potentialities and challenges to studying the microbial world in the river water ecosystem. The biodiversity of the river environment is exceptionally diverse, with a considerable variation exerted mainly by anthropogenic activities. The microbes in the river water perform crucial activities in the biogeochemical cycle. Thus, analysis of microbial composition by metagenomic approaches has accelerated the way to study microbial diversity as well as detect pathogenic contamination. Furthermore, a metagenome-based study is also of great significance as it significantly impacts routine monitoring of river water for hazardous microbial pathogens, which is of great significance in protecting human health. The various sequencing platforms have changed the entire chronology of studying microbial diversity. Large-scale DNA-based sequencing approaches targeting the 16S rRNA gene have revolutionised the deep study of microbial diversity in the river water. Thus, the innovation of NGS techniques, including 16S rRNAhas made it easy for bacterial identification in river water samples. The metagenome study has gained applause because only 1% of microbes can be cultured under standard biosafety level conditions. There is less knowledge about freshwater bacteria and the pathogenic bacteria affecting human health directly. The rivers are the shield against climate and environmental change, but they are primarily affected by various anthropogenic activities. The outcome of this is irretrievable damage to the ecosystem of the river. The metagenomic technologies are conquering and innovating the way into the ecology of the microbial world and pathogen dissemination. The challenges, benefits and importance of metagenomics in the deep study of microbial load in the river have been discussed. This study will significantly enhance the knowledge to understand rivers better, microbial biodiversity, various interactions within the microbial communities, and public health concerns.
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Introduction	
The major problem faced by humanity in the twenty-first century is the decreasing surface water quality and quantity in the rivers. The rivers are the natural source of pure water and one of the important sources of drinking water in many underdeveloped and developing countries. It dramatically impacts human health if encountered with microbial pathogens in the river water (Schwarzenbach et al., 2010). The quality of freshwater resources has significantly declined in recent years due to population growth, rapid urbanisation, industrial effluents, the use of fertilisers and pesticides for agricultural purposes, and waste disposal (Brar et al., 2023). Several diseases, such as cholera, typhoid, diarrhoea and hepatitis, are associated with faecal contaminated river water (Hrudey et al., 2004). In January 2010, an earthquake struck Haiti, followed by the spread of cholera, killing 4,672 people in five months, leaving thousands hospitalised ( Roy et al., 2018; MSNBC,2010).  Research by Piarroux et al. (2011) strongly suggested that contamination of the Artibonite River triggered the epidemic disease. In addition, natural disasters promote waterborne illness by isolating people from safe drinking water and destroying the public health infrastructure (Tappero et al., 2011). So, to prevent epidemics, it is beneficial to develop rapid and cheap detection methods for waterborne pathogens. According to WHO data, 65% of diseases, such as diarrheal, cholera, cause 2.1 million deaths in developing countries and 65% of these deaths could be safe by drinking water free from faecal contamination (WHO…2002). Henceforth, it is essential to study the microbial diversity of river water as safe drinking water is a substantial human right (WHO, 2004). However, microbes perform an important role in various ecosystems, functioning as they are part of a crucial biogeochemical cycle in the river. Further, the metatranscriptomics and metaproteomics, coupled with metagenomics, are used to analyse the functional dynamics of microbes in a river water ecosystem (Ekanem et al., 2023). It surpasses conventional culture-based methods by offering a culture-independent tool to investigate the genetic diversity of microorganisms living in many habitats, such as soil, water, air, and the human body (Rout et al., 2024). Therefore, to study the river ecology, it is essential to predict the change in biodiversity and the biogeochemical cycle.

Importance of metagenomic diversity-based studies in river water
The fresh water in rivers is important for sustaining life on Earth. The various anthropogenic activities have deteriorated the purity of the river water. The discharge of sewage and polluted water from industries, STPs, WWTPs, and agricultural runoffs is detrimental to the river water.  It has led to a dynamic change in the river water microbial consortia (Freeman et al., 2019).  Studied on the world's largest river, the Yangtze River highlights the effect of varying natural and anthropogenic impacts on its microbial biodiversity (Liu et al., 2018). This change in the biodiversity of the river ecosystem needs to be well monitored and studied. The study of the biodiversity of river water opens new insights taking place in the community dynamics of the river ecosystem (Tonkin et al., 2018). 

A brief history of metagenomics VS bacterial biodiversity
The term metagenomics refers to the collective analysis of the gene content of a community of soil microbes (Handelman et al., 1998). Since then, metagenomics has been developed as a novel technique to study microbial diversity in the ecological system. Over the past years, there has been a novel advancement in microbial diversity identification and characterisation, i.e., the cloning of extracted DNA followed by direct random sequencing of the sample directly from the environment (Handelsman et al., 1998). Further, in a study, the available database for 16S rDNA sequence from lakes and rivers was analysed to detect microbial communities in the aquatic environments (Zwart et al., 2002). This study proves the adherence of planktonic bacteria in diverse aquatic ecosystems worldwide. Natural events and biophysical processes dictate the makeup of aquatic microbial diversity, leading to varied evolutionary events of indigenous microbial species (Nold and Zwart, 1998). So, all these early studies acted as a blueprint in developing metagenomic approaches to understand microbial diversity in-depth in our environment.


Application of metagenomic studies in river water biodiversity studies

Metagenomic approaches in studying biodiversity have shown promising results in microbes and their functional profiling in river water. The first investigation on the Amazon, the greatest river in the world, the global freshwater lineage of actinobacteria predominated. The marine freshwater sisters SAR11 clade, LD12, and Group I Crenarchaea include freshwater species like Polynucleobacter (Ghai et al.2011). This study has also proven that the terrestrial habitat contributes to the mineralisation of significant quantities of minerals. The other aspect of microbial diversity is related to the sewage contamination of river water, which directly affects the environment and public health. Metagenomics, along with molecular methods, has targeted faecal anaerobes to study the host source. Next-generation sequencing using the 16S rRNA gene has provided two important species, Bacteroidales and Lachnospiraceae, as alternate faecal indicator groups rich in host-specific bacterial organisms (McLellan et al., 2014). Likewise, studies on a cholera outbreak in Haiti in 2010 have used a metagenomic surveillance system to study the water sample for scanning pathogenic factors such as cholera toxin (Roy et al., 2018). A different study on microbial species in the Ganjiang River, a significant tributary of the Yangtze River, the bacterial abundance of bacterial phyla was the same in different sites, with the exception of Proteobacteria. The effects of urban areas on microbial diversity were evaluated to be 17%–34% (Wang et al., 2016). So, we can conclude from the studies that the advances in metagenomics, coupled with next-generation sequencing, have gradually reduced the dependency on a few indicator bacteria to identify human pathogens to raise the alarm for public health concerns.
Table 1- Global Metagenomic Insights into Microbial Diversity across River Ecosystems
	No.

	Ecosystem 

	Microbial diversity

	Remark/conclusion

	Refrences


	1.
	Potomac River (USA).
	Burkholderiaceae,nitrosomonadaceae,
psedosphaeraceae

	Metagenomics study reveals the diversity of microbial species from various urbanised region, which are associated with agricultural pollution and bromochloromethane pollution.

	Taraboletti  et al., 2023                              


	
	
	
	
	


	3.
	Tanuja River, USA

	Arcobacter cryaerophilus,  Pseudoarcobacter acticola,
Simplicispira metamorpha

	The results obtained from this study reveal that urbanisation leads to environmental contamination and species diversification, and the gain of antibiotic resistance. The bacterial community can be used as a biomarker for environmental monitoring.

	Allsing  et al., 2022


	4.
	Godavari River, India

	Proteobacteria, bacteriodetes

	This study reveals how the bacterial diversity changes with anthropogenic activity.
	Jani et al., 2021


	5.
	Yamuna river, delhi



	Acenitobacter (in june), aeromonas (November)



	By examining the metagenome of polluted water, we can determine the dominant bacteria present at different intervals and observe the development of antibiotic resistance.

	Mittal et al., 2019




	6.
	Yamuna river confluence in Ganga (Prayagraj, U.P.)
	Proteobacteria, Euryarchaeota, Bacteroidetes and Firmicutes
	The main study on tributaries of the Ganga River highlights the effects of microbiome upon convergence.
	Samson et al.,  2019

	7.
	Little Bighorn River, Montana



	“EHEC, EPEC, E. coli O104:H4 and Vibrio cholerae serotype O1 El Tor
	The research highlights the importance of metagenomics as a routine tool for the identification of harmful microbial contamination to reduce the chance of epidemic and animal health.
	Hamner et al.,  2019



	8.
	Apatlaco River, Mexico
	Proteobacteria, Bacteroidete, Limnohabitans, Acinetobacter, Arcobacter and Myroides
	This  study highlights the effects of pollution on microbial populations, which ultimately affects the people around it
	Breton-deval et al., 2019

	9.
	Maritza
River Basin
	Proteobacteria, Actinobacteria, GammaproteobacteriaDeinococcus-Thermus phylum and
Acidobacteria
	The results obtained from metagenomic analysis could be used for the sustainable management of wetlands.
	Iliev et al., 2019	

	10.
	Tama River, Tokyo
	Proteobacteria, Bacteroidetes, Actinobacteria, Cyanobacteria.
Flavobacterium (Bacteroidetes), Mycobacterium. Zoogloea, Sediminibacterium, Hyphomicrobium, Sphingopyxis, Thiothrix and Lysobacte
	The Miseq metagenomics result suggests that the surrounding environment, water temperature, also affects the diversity of the bacterial community in every session. There is a negative correlation with proteobacteria and a positive correlation with bacteriodetes..
	Reza et al ., 2019

	11.
	Surface water, Haiti
	Cholera toxin converting phage, Shiga toxin converting phages at different sites. Acinetobacter species causing waterborne illness.
	The metagenomics method could be used for assessing the microbial diversity, which ultimately can be used for monitoring of harmful bacteria, such as Vibrio chlorella, time to time and virulence factors such as cholera toxin
	Roy et al., 2019

	12.

	Bagmati River, Nepal
	Arcobacter, Acinetobacter, and Prevotella were more numerous.
	This study highlights the reduced quality of bacterial diversity in the Baghmati River water, which suggests the importance of reducing faecal contamination in the river in order to maintain water quality.
	Shrestha et al., 2019

	13.
	Apies River, South Africa, 
	“The Proteobacteria (69.8%), Cyanobacteria (4.3%), Bacteroidetes (2.7%), and Actinobacteria (2.7%) were the most dominant phyla; the Alphaproteobacteria, Betaproteobacteria and Anaerolineae were the abundant classes.
	The metagenomics results that identified the pathogenic microbial diversity could be used for the protection of lives around the river, and they may help in the identification of emerging bacterial pathogens.

	Abia et al., 2018

	14.
	Mahananda (Siliguri), India
	Bacteria lineage ( ˠ-, ε-, β-, α- Proteobacteria, Bacteriodetes, Firmicutes, Chloroflexi and Planctomycetes)
	This research suggests that the river Mahananda is a reservoir of unexplored microbial resources.
	Mukherjee et al., 2017

	15.
	 Brisbane River
( Queensland, Australia)
	Burkholderiales, Cyanobacteria, Actinomycota and Rhodospirillaceae
	The multi-omic method is an innovative method to access the deep study of the aquatic ecosystem, which highlights the microbial diversity within the water ecosystem
	Beale et al., 2017

	16.
	Man-made river, Libya
	Staphylococcus saprophyticus, Vibrio vulnificus, Streptococcus pyogenes, Aeromonas salmonicida. 
	Microbial study using metagenomic approaches proved that all the species identified were toxic in nature.
	Zaed et al., 2017

	17.
	Ganga river Delhi
	Bacillus sp, Bacillus anthracis, Escherichia coli, Pseudomonas aeruginosa
	Type 1st strain was not toxic, 2nd, 3rd and 4th types were identified as pathogenic, specifically Bacillus anthracis strain BHR1P1B3.
	Zaed et al., 2017

	18.
	Cauvery River
	Bacteroidetes (27.7 %), and Firmicutes
(25.9 %),  Proteobacteria (47.5 %), Bacteroidetes (22.4 %), and Firmicutes (14.6 %)
	This study reveals the effect of uranium and mineral accumulation on bacterial diversity, which indicates a specific nature of bacteria and can further be used as a bio-indicator in contamination identification..
	Suriya et al., 2017

	19.
	Yamuna river, Delhi
	Acinetobacter, Aeromonas
	The metagenomic study of bacterial microbiome composition and to understand the dynamic conditions during seasonal variation.
	Mukherjee et al., 2016

	20.
	 Watershed and free flowing river, Southwestern British Columbia, Canada.
	bacteriophage groups
	This study provides an important insight into the analysis of the watershed ecosystem and the health of the surrounding environment. Further, this study covers the development of a biomarker for an improved monitoring system.
	Van Rosoum et al., 2015


	21
	Danube river






	Polynucleobacter group, dominated by acI lineage, the freshwater SAR11 (LD12)





	 The observed phylogenetic patterns are accompanied by changes in alpha and beta diversity. It is raising the unified concept for river bacterioplankton diversity.




	Savio et al., 2015













Metagenomics is leading the way into the uncharted world of microbes
A Metagenomic study in river networks offers a novel approach that has transformed the biodiversity data acquisition in ecology. Metagenomics has brought a revolutionary change in solving the fundamental question of biodiversity of river ecology (Van Rossum et al., 2015). We can now look into the world of microbes and their role in their respective niche in real-time through various metagenomic approaches. Metagenomics has reached the harsh and inaccessible environment ranging from the rivers, lakes, arctic glaciers, to hot springs (Keller et al., 2004). Therefore, the role of metagenomics in elucidating microbial ecosystems is incredible, as they have the promising ability, when combined with an appropriate study design, to innovate our understanding of how ecosystems behave (Zarraonaindia et al., 2013).

Miracles of metagenomics in cooperation with NGS
The advances in NGS have increased the feasibility of studying the microbial world's biodiversity (de Oliveira et al., 2015). The NGS technologies have enabled us to procure hundreds of millions of threads in a short interval of time. NGS and computational techniques have revolutionised the scope of microbial geographical studies far beyond our scope of imagination (Tan et al., 2019). One of the most important aspects of the research involves the variation in community structure due to various anthropogenic inputs in the riverine ecosystem (Wang et. al., 2017). The new biostatistical and computational approaches have allowed the characterisation of microbes based on taxonomy, phylogeny and the functional microbial diversity of river water. Metagenomics coupled with NGS has thus established itself in assessing microbial biodiversity (Creer et al., 2016). 


A brief overview of microbial diversity and its significance in river water
Rivers are the lifeline of a nation, and the river's health is significant for the well-being of humans and the environment. They are the primary source of drinking, irrigation, fisheries and transport, but anthropogenic pressure has compromised the river's health. A recent study on Romanian water bodies pointed out the various anthropogenic pressures generated, like lack of bridge knowledge of to the sewage system and the sewage treatment plants; industrial waste, agricultural waste, pesticide incorporation, dams, dikes, sills, weirs, diversions and other human activities (Breaban et al., 2020). So, the rivers are contaminated through chemicals like metals, nutrients, pesticides, industrial solvents and microbial contamination through faecal coliforms, pathogens and invasive species. The drift in the microbial composition indicates the pollution level, and they can also act as biomarkers for a check on water contamination. The research done by (Goh et al., 2019) has shown the consideration of the alternative indicators apart from E.coli and enterococci, i.e., Methanobrevibacter smithii, Bacteroides and human polyomaviruses (HPyVs), to monitor faecal sources. The patterns of microbial dispersion make it possible to group sample locations into distinct clusters, which aids in locating locations with low water quality. The many biogeochemical cycles in the riverine environment depend on the bacterial populations. These new species' activities stimulate the growth of consumers in the food chain and make nutrients available to other organisms (Zhang et al., 2020). The metabolites released during these processes enrich the entire ecosystem of the river. These microbial gold mines need classification to study the ecology of the riverine ecosystem to reveal their functional diversity. River water is an enriched primary source of microbial life, diversified from microbes, viruses, fungi and Achaea. The bacterial diversity in the river is dynamic and affected by various ecological stresses and nutrient influx (de Oliveira et al., 2015). The presence of these microbes is naturally predisposed by various land-use patterns, industrial effluents, sewage effluent disposal, organisms living in the catchment, organisms from different transport systems and bacterial film. These microbes can be free-living (planktonic) or attached to some particles or the river bed (benthic) in the river (Wetzel, 2001). Therefore, preserving the river source is essential not only for hydrological reasons but also to sustain the river's microbial species and ecological system. The river water also contains bacteria that are dangerous when ingested. A comprehensive study (Hamner et al., 2019) identified enteroaggregative E. coli O104:H4 and Vibrio cholerae serotype O1 El Tor. They characterised the Pathogenic microbes, virulence genes, and antimicrobial resistance markers by metagenomic analysis of the Little Bighorn River. This study highlights the benefits of a portable DNA sequencing device with metagenomic software for real-time surveillance of waterborne pathogens, virulence genes and antimicrobial resistance genes in river water, significantly impacting environmental surveillance to protect public health. 

Metagenomics vs the pathogenic bacteria
The regulatory organisations worldwide employ coliform testing by MPN to determine the presence of faecal contamination and epidemic risk. However, coliform bacteria concentration is minor in the sample, but this method is not efficient for identifying pathogenic microbes. Pathogenic strains of E.coli cause UTIs, bacteraemia, meningitis and diarrheal disease in humans. In 2011, a significant outbreak caused by serovar O104:H4 in Germany affected 4000 people, out of whom significant patients showed HUS symptoms, and 54 died (Richter et al.2014). The strain was exceptionally virulent and lacked the eae gene encoding the intimin adherence protein. Another opportunistic bacterium endemic to northern Australia and Southeast Asia is identified in source to distribution and biofilm Burkholderiapseudomalei that caused lethal illness, melioidosis in living beings (O'Donnell et al., 2019). Thus, the traditional methods employed to screen pathogens need a specific approach for identifying specific genes and which takes time. However, on the other side, metagenome-based studies can be employed in real-time to surveillance waterborne microbial pathogens. 

The dynamics of River water to anthropogenic activities
The river water can be easily manipulated by the release of pollutants from industries, WWTPs, STPs, agricultural runoffs and poultry breeding. Studies have shown that untreated sewage discharge contributes to significant pathogenic bacteria in river water from the large urban population (Pandey et al., 2014). The increasing stress on the river, high pollution, incompetent wastewater treatment, low revenue, and rapidly growing population in developing countries have increased the chances of waterborne epidemics. Thus, it is mandatory to address and study the microbial species of river water. A comprehensive analysis to identify the problem related to using indicator organisms, detect waterborne pathogen contamination, and the vast challenges that lie ahead needs to be addressed immediately. Hence, metagenomic approaches and various bioinformatics tools have shown promising results in the study of river water microbial diversity, public health and the environment.

Methodology to analyse the microbiome in river water samples
There is no unified method to analyse a water sample to study the biodiversity of river water. Several techniques in the past targeted one or a few pathogenic bacterial species. Most biodiversity study involves mainly five significant steps:
1. Sampling of river water
2. The concentration of the microbes
3. Genomic DNA extraction
4. Sequencing of the genome
5. Analysis of data by bioinformatics tools.

Sampling of river water 
Sampling is the primary and important step of a metagenomics study where the sample is collected from a targeted location, e.g surface, submerged, or bottom. The date, time and location must be mentioned on the sample. Other factors are also considered, such as scale, biological variation, experimental variability, and reproducibility (The new science of metagenomics, 2007).

Genomics DNA extraction
The major challenges arise when there is no efficient DNA available for metagenomics. To avoid this, genomic DNA extraction is sensitised. E.g. three magnetic baskets are used (Marotz et al., 2017). Metagenomics amplicon sequencing has grown as a rapid and advanced tool for microbial species detection in river water (Shaw et al., 2015). The DNA is isolated from the water sample collected from the river are fragmented and short segments, then sequenced and mapped against the genetic database to pull out informative reads. The amplified DNA further undergoes PCR targeting the 16s rRNA gene. The amplified 16s rRNA gene undergoes high-throughput sequencing by the latest technology, like the Illumina sequencer. The sequence reads are further identified taxonomically or functionally by comparing them with the available reference database. Amplicon sequencing provides the means to examine the environmental impact on bacterial diversity in great detail. The biodiversity, pathogenic and harmful bacterial loads can also result in unprecedented results when applied to real-life scenarios (Smith et al., 2014; Thompson et al., 2017). Therefore, analysis of a considerable amount of metagenomics data generated has opened the door for the study of evolution, taxonomic and functional diversity of river water bacterial diversity present in the river water elucidates: the compositions, function, and interaction of microbial communities (Simon et al., 2011). A schematic representation of the study of microbial diversity is shown in Figures 1 & 2.

Fig. 1: A brief schematic view of metagenomics approaches to study bacterial diversity
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Fig. 2: A diagrammatic representation for the study of bacterial diversity from river water
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NGS Sequencing platforms and reference databases
Microbial diversity in river water is attributed to the determination of the 16S rRNA gene (Mchardy et al., 2007). Classification of microorganisms based on the 16S rRNA gene is compared to the reference sequences from databases such as Greengenes, SILVA or the ribosomal database project II (RDP II) (Desantis et al., 2006, Pruesse et al., 2007, Cole et al., 2003). Additionally, conserved genes such as rec A or rad A, heat shock protein 70(HSP-70), elongation factor TU or G are used as a marker for phylogenetic studies. The advancement in NGS, the 16S rRNA gene sequencing, has emerged as a crucial tool for phylogenetic studies in microbial consortia of river water. NGS targeting the 16S rRNA gene has overpowered native approaches as (DGGE), (Terminal-RFLP) or Sanger sequencing. The introduction of NGS platforms such as Roche 454, the SOLiD system of Applied Biosystem and the genome analyser Illumina has brought a drastic shift in the sequencing technique. Further, it led to the development of metagenomic tools to study microbial diversity. These advancements have made the path more accessible and cost-effective with high throughput sequencing. The result of all these developments has increased the number and size of metagenomic sequencing projects like the human microbiome project (2009), metagenomic studies on the Amazon river, which is the world's most extensive riverine system. The metagenomic studies on river water are summarised in Table 1.
Metagenomic approaches to study the river water microbiome
High-nutrient foods, pure drinking water, climate regulation, waste disposal, water for industrial and agricultural activities, and many aesthetic and recreational uses are just a few of the key products and services that a healthy river water environment offers to flora and fauna.. However, almost every river is presently under threat due to various anthropogenic activities. Instantly, it has been observed worldwide that the reduction and disturbance of aquatic ecosystems, productivity and water purity (Ruiz et al., 1997). In some cases, the aquatic system has been rendered too lethal for surrounding species (Dudgeon et al., 2006). Further, it has significant importance for the security of humanity as living beings depend on a healthy aquatic ecosystem for daily wages. The biological surveys and identification of pathogenic species of microbes thus become essential to be monitored. The qPCR-based approaches can quantify specific bacterial taxa but do not measure whole community diversity (Bej et al., 1990). Thus, metagenomic approaches are used to study the biodiversity of microbes in every environment, ranging from rivers to icebergs, lakes, mountains, hot springs, sea, ocean, terrestrial habitats, human gut and saliva. Metagenomic sequencing to identify biological taxa from eDNA within an environmental sample provides a unique source of information regarding the biodiversity of an area (Taberlet et al., 2012). Therefore, Metagenomics plays a crucial role in monitoring the river water biodiversity and ecology because of its high detection sensitivity and precision (Deiner et al., 2016). This branch of genomics is used to study river water quality for human and environmental health.
Phylogenetic marker-based gene profiling  
The concept behind phylogenetic marker gene-based microbiome profiling techniques is that if a gene is shared by most of the creatures in a clade as a result of vertical transmission, then variations in that gene's sequence can disclose the evolutionary connections. Additionally, the gene's abundance can match the microbe type's abundance if the gene is single copy or its copy numbers are known. Most of the metagenomic study involving microbial diversity targets the 16srRNA gene as a phylogenetic marker (Roux et al., 2011). The region of DNA to be used as an evolutionary marker must be the same and omnipresent for the same species of a microorganism. The nucleic acid sequence used for the study will go through the process of PCR, and for this reason, it must have highly conserved regions flanked by hyper variable regions. Therefore, in order to amplify the variable area, we can construct primers against the conserved sections. Additionally, it would be advantageous if the sequence only appeared once per genome in order to provide a straightforward interference between sequence and cell abundance. Because it meets the stated criteria with rare exceptions, the 16s rRNA gene is utilised as a phylogenetic marker in the study of bacteria. The 16srRNA gene is widely distributed and has several highly variable regions, yet its copy quantity varies (Stoddard et al., 2015). Therefore, the amplification number variability needs to be considered and optimised to end up with abundance profile studies at the downstream comparison level. However, this case is noticed in a few studies (Pedrós-Alió et al., 2012). With these few complications, the 16srRNA region is the main target for the study of bacterial species. Most of the research has targeted the 16s rRNA gene to decipher the bacterial consortia of a river water sample. Further, the reference databases and the method for analysis of 16S rRNA genes are well established, making this gene an ideal target (Goodrich et al., 2014). The same reason holds true for the eukaryotic homologue, the 18S rRNA gene for eukaryotic studies (Wang et al., 2014). The ITS sequence is mainly used (Schoch et al., 2012). There is no common genome for viruses; nevertheless, Myoviridae, RdRp used to research RNA viruses, has used the main capsid gene (g23) of T4-like bacteriophages (Van Rossum et al., 2017).
Traditional approaches vs Metagenomics for biodiversity studies
The traditional culture-based approaches may lead to false-negative results, and the whole process is rigorous and time-consuming. Therefore, they fail to raise the alarm for human and environmental health concerns. Moreover, only 1% of the microbial diversity known so far can be cultured under various BSL conditions. The remaining 99% of the microbial population cannot be cultured because of a lack of knowledge of standard growth conditions. Uncultured clades of bacteria that do not grow on conventional media are essential for manufacturing new natural products, cycling carbon, nitrogen, and other elements, and influencing the environment and other living things at all levels of bacterial phylogeny (Stewart 2012). Thus, these microbes need to be detected for the various biogeochemical cycles. By enabling researchers to directly examine native bacterial species in situ, their genome, transcriptome, proteins, and metabolites, as well as how their adaptation distribution patterns, the use of these techniques has transformed microbiology (Su et al., 2012). 
BLAST and construction of a Phylogenetic tree 
In the NCBI-BLAST server, the reads produced from sequencing are linked to the query sequences. The sequences with maximum identity are selected to construct the phylogenetic tree using CLUSTAL OMEGA or NCBI BLAST. The multiple sequence alignment result is retrieved using the BLAST phylogenetic tree. The makeup of the bacterial population in test samples taken at two different sessions, June (YJ) and November (YN), is examined and compared in a research on the taxonomic assignment of the Yamuna River for the V3 hyper variable region of 16S rRNA using QIIME. “After clustering 7,451,906 and 1,596,945 the potential reads from the YJ and YN samples simultaneously, a total of 250,904 and 167,020 OTUs were identified; YJ showed greater phylogenetic diversity and evenness than YN, according to estimates of alpha diversity indexes. Furthermore, the YJ sample had a larger observed number of OTUs and Shannon index (Mittal et al., 2019). The primary process is to do a similarity search against gene databases with query sequences that may be short or long reads. In order to meaningfully reflect relative gene abundances and enable comparisons across metagenomes, normalisations could be necessary. Although it is possible to simply report the proportion of reads identified as a certain gene, abundances will be skewed by samples with varying genome sizes, and dense genes are more likely to have numarious reads assigned to them. So, it would be better to study gene copies per genome, obtained by normalisation of gene family classification, e.g. Microbe Census (Nayfach and Pollard, 2015) or MUSICC (Manor and Borenstein, 2015).

Application of metagenomics to study the biodiversity of the river water 
Over the decades, many advanced techniques have been developed to study microbial diversity without involving traditional cultural approaches was referred to as "community fingerprinting".  The community fingerprinting technique provided the data for microbial diversity composition, but failed to access the list of populations of the microbiome. Further studies of microbial community by Liu et al. (1997) used Terminal-RFLP, DGGE by Muyzer et al. (1999), and ARISA was employed by Fisher & Triplett (1999). The results derived from these techniques are variable because of the gene copy number difference and non-specific amplicons (restriction digestion sites, melting pattern or ITS1 length). The outcome of this is a wrong grouping of organisms. The qualitative data result analyses numerous challenging samples and cannot provide a total number of organisms present. Metagenomic tools, along with NGS, have revolutionised the whole perspective of studying microbial communities in the river. The entire community dynamics, along with spatiotemporal variation, is considered across the river ecosystem. The NGS has paved the way to investigate all nucleic acids (NA) within the water sample. All the NAs within a sample are cut into millions of small NA fragments.  Further, these fragments undergo sequencing on the NGS platform. Finally, the reads synthesised from the sequenced fragments are analysed by bioinformatics tools. Advances in the success rate of metagenomic studies have revolutionised the development of several NGS platforms, producing 105-107 reads ranging from 30-500nt in length (Luo et al., 2012). The most popular platform is the Illumina Genome Analyser. Metagenomic approaches have enormously reduced the cost and time with no required to construct extensive clone libraries. As a result, an exponential increase in synthesised data uploaded in open repositories such as SRA at NCBI. However, targeted gene sequencing has surpassed gel-based community fingerprinting techniques due to significant methodological advancements and declining DNA sequencing costs. Thus, metagenomics by utilising NGS has surpassed the traditional way of transferring the microbial diversity from environmental samples, such as aquatic ecosystems, to the laboratory.
Microbial diversity and Bioremediation of river water
With the increase in world population, there is a high requirement for food, medicine, and daily-use items. These demands primarily depend on natural resources like water, coal mines, wood, etc. River water is the primary source for drinking, agriculture, the riverine biogeochemical system, and industrialisation. In the race of development, every country is installing industries of many kinds beside the river. This rapid industrialisation, urbanisation, and anthropogenic activity are causing river water pollution and endangerment of some aquatic species. There are many cases and reports, such as Surinaidu et al. (2023), available in public figures. These reports warn that industrial discharge is a major cause of river water pollution. Metagenomics can be a good tool for the identification of microbial diversity and the identification of useful bacteria that can help in the bioremediation of the river. This could help reduce pressure on the river water system and the ecosystem around the water.
 
Shortcomings of Metagenomic approaches to assess river water microbial diversity
The technique of metagenomics was born in the twenty-first century. Since then, it has been used to study bacterial species diversity and the physiology of environmental samples such as river water. Researchers apply their past knowledge to address recognised biases and provide quality data that is analysed by high-throughput bioinformatics, which is the latest advancement in metagenomics. The 16S rRNA gene is employed as an evolutionary marker gene in the investigation of the bacterial population. According to Stoddard et al. (2015), the 16S rRNA gene is mostly distributed and has several highly variable regions, yet its copy quantity varies. Therefore, bias in abundance profiles may be introduced if the gene copy number variability is unknown or not addressed, which occasionally leads to unevenness when comparing samples downstream (Kembel et al., 2012). Despite these problems, the 16S rRNA gene is a widely studied tool for bacterial diversity composition in different environmental samples, including river water (Rosselli et al., 2012). This can be attributed, in part, to the well-established techniques for analysing 16S rRNA genes and the highly developed reference libraries for these genes, particularly for gut microbiomes (Goodrich et al., 2014). Despite the enormous potential of this technology, it must be verified and refined to guarantee that various target taxa are correctly detected within the varied biological context.
Conclusion
River water is a small 0.006 % of total fresh water on earth, but it is the lifeline of the earth and plays a significant role in sustaining life. It represents an enriched resource of microbial consortia involved in multiple biogeochemical cycles in the river water. They play a significant role in the riverine ecosystem, including mineralising a significant amount of organic matter originating from the landscape. In recent years, due to various anthropogenic activities, the river ecology has been disturbed. Beijerinck's microbiology era still provoked intense discussion in twenty-first-century investigations of microbial biogeography, which quotes "everything is everywhere, but the environment selects" since the environment has changed drastically. The microbial diversity of river water has also drifted. The study of this drift in the diversity of river water is essential for the riverine ecosystem. The best approach towards this dynamic change is metagenome-based studies. Further, the advancement of metagenomics, alongside metaproteomics and metabolomics approaches, has enhanced the functional dynamic studies of the microbial community of river water. These approaches have an unprecedented potential to shed light on the functional ecology of river water, which has been least studied compared to marine ecosystems. Thus, metagenomics and recent molecular techniques such as robust NGS have enhanced our knowledge and understanding of microbial diversity manifolds with no doubt or dilemma. However, more studies are needed on the river water microbial diversity to establish a direct correlation of the anthropogenic effect and finally the changing dynamics of the river ecosystem.
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