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Supplementary Fig. 1: Taxonomic classification of the microbiome in metagenome samples APMG02 (i) and APMG03 (ii) at different taxonomic levels, including Phylum (A), Class (B), Order (C), Family (D), Genus (E), and Species (F). The taxonomic structure was assessed using Kaiju v1.9.0, a protein-based classifier that assigns metagenomic reads based on sequence similarity to microbial reference databases. The relative abundance of taxa is presented as a percentage of classified reads, with unassigned sequences and low-abundance taxa grouped accordingly. The bar plots illustrate the distribution of microbial diversity across taxonomic levels, highlighting dominant and rare taxa within the analyzed microbiome.
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(b)
Supplementary Fig. 2: (a) Geospatial mapping of the water sampling site in the River Mahananda, Siliguri, West Bengal, India. The satellite-based map highlights the water sample collection site associated with metagenomes APMG02 and APMG03 (marked with red circles). Geographic coordinates (latitude and longitude) provide spatial reference, while an inset map contextualizes the study area within India and West Bengal. The legend denotes sampling sites, and the scale bar represents spatial distances. This map was generated using QGIS software. (b) KBase workflow for MAG generation. A schematic representation of the computational workflow used in KBase for processing raw metagenomic sequence data into taxonomically assigned MAGs. The workflow involves sequential steps, including data importation, quality evaluation, metagenome assembly, taxonomic assessment, binning and bin optimization, and genome annotation with taxonomic assignment. Arrows indicate the flow of data across different processing layers.
Supplementary Table 1: Evaluation of four metagenome assemblies for APMG02 and APMG03 metagenomes for metagenome-assembled genome (MAG) generation (highlighted in bold)

	Metagenome Source Library
	Assembly
	Longest contig (bp)
	N50 (bp)
	L50
	Num of contigs ≥ 10,000 bp
	Total Length (≥1000 bp) (bp)

	APMG02
	APMG02_Trimm.PELib_IDBA-UD_contigs
	113136
	6135
	3010
	1287
	71357161

	
	APMG02_MH_metalarge_contigs
	194949
	5230
	4860
	1562
	102465113

	
	APMG02_MH_metasensitive_contigs
	140131
	5724
	4554
	1866
	108092849

	
	APMG02_Trimm_PELib_metaSPAdes.Assembly
	99725
	5126
	4039
	1240
	82711389

	

	APMG03
	APMG03_Trimm.PELib_IDBA-UD_contigs
	168965
	5667
	3022
	1076
	67723000

	
	APMG03_MH_metalarge_contigs
	205012
	5117
	4833
	1490
	98409873

	
	APMG03_MH_metasensitive_contigs
	205107
	5404
	4654
	1651
	103966298

	
	APMG03_Trimm_PELib_metaSPAdes.Assembly
	126111
	4918
	4029
	1129
	78997299


Supplementary Table 2: MAG bin optimization results using the DAS Tool for metagenomic assemblies APMG02 and APMG03

	Parameters:
	APMG02
	APMG03

	Binned Contigs
	3368
	5580

	Input Contigs
	21912
	21861

	Number of Bins
	10
	15


Supplementary Table 3: (a) Good quality bin (highlighted in bold) filtration for metagenome-assembled genomes (MAGs) generation from APMG02 and APMG03 metagenomes. (b) High-quality (HQ) bin (highlighted in bold) filtration for metagenome-assembled genomes (MAGs) generation from APMG02 and APMG03 metagenomes.
(a)
	Metagenome Sample
	Bin Name
	Marker Lineage
	Completeness
	Contamination

	APMG02
	bin.001
	o_Burkholderiales
	78.84
	4.45

	
	bin.002
	o_Bacteroidales
	1.88
	0.0

	
	bin.003
	o_Burkholderiales
	95.75
	1.9

	
	bin.004
	c_Deltaproteobacteria
	42.49
	0.02

	
	bin.005
	o_Flavobacteriales
	80.02
	19.89

	
	bin.006
	c_Gammaproteobacteria
	87.05
	10.72

	
	bin.007
	g_Prevotella
	73.3
	4.12

	
	bin.008
	p_Proteobacteria
	98.41
	3.47

	
	bin.009
	o_Bacteroidales
	92.63
	2.6

	
	bin.010
	c_Betaproteobacteria
	18.37
	2.39

	APMG03
	bin.001
	g_Prevotella
	83.67
	1.31

	
	bin.002
	o_Bacteroidales
	80.26
	1.64

	
	bin.003
	o_Burkholderiales
	75.17
	3.96

	
	bin.004
	o_Bacteroidales
	98.3
	2.58

	
	bin.005
	k_Bacteria
	47.56
	3.15

	
	bin.006
	c_Betaproteobacteria
	92.11
	2.87

	
	bin.007
	c_Betaproteobacteria
	76.56
	2.79

	
	bin.008
	c_Deltaproteobacteria
	79.51
	2.34

	
	bin.009
	c_Betaproteobacteria
	79.06
	5.02

	
	bin.010
	c_Gammaproteobacteria
	70.49
	2.82

	
	bin.011
	o_Flavobacteriales
	60.92
	5.11

	
	bin.012
	p_Proteobacteria
	97.31
	5.65

	
	bin.013
	k_Bacteria
	40.58
	1.68

	
	bin.014
	k_Bacteria
	92.03
	4.3

	
	bin.015
	p_Proteobacteria
	65.01
	9.87


(b)
	Metagenome Sample
	Bin Name
	Marker Lineage
	Completeness
	Contamination

	APMG02
	bin.001
	o_Burkholderiales
	78.84
	4.45

	
	bin.002
	o_Bacteroidales
	1.88
	0.0

	
	bin.003
	o_Burkholderiales
	95.75
	1.9

	
	bin.004
	c_Deltaproteobacteria
	42.49
	0.02

	
	bin.005
	o_Flavobacteriales
	80.02
	19.89

	
	bin.006
	c_Gammaproteobacteria
	87.05
	10.72

	
	bin.007
	g_Prevotella
	73.3
	4.12

	
	bin.008
	p_Proteobacteria
	98.41
	3.47

	
	bin.009
	o_Bacteroidales
	92.63
	2.6

	
	bin.010
	c_Betaproteobacteria
	18.37
	2.39

	APMG03
	bin.001
	g_Prevotella
	83.67
	1.31

	
	bin.002
	o_Bacteroidales
	80.26
	1.64

	
	bin.003
	o_Burkholderiales
	75.17
	3.96

	
	bin.004
	o_Bacteroidales
	98.3
	2.58

	
	bin.005
	k_Bacteria
	47.56
	3.15

	
	bin.006
	c_Betaproteobacteria
	92.11
	2.87

	
	bin.007
	c_Betaproteobacteria
	76.56
	2.79

	
	bin.008
	c_Deltaproteobacteria
	79.51
	2.34

	
	bin.009
	c_Betaproteobacteria
	79.06
	5.02

	
	bin.010
	c_Gammaproteobacteria
	70.49
	2.82

	
	bin.011
	o_Flavobacteriales
	60.92
	5.11

	
	bin.012
	p_Proteobacteria
	97.31
	5.65

	
	bin.013
	k_Bacteria
	40.58
	1.68

	
	bin.014
	k_Bacteria
	92.03
	4.3

	
	bin.015
	p_Proteobacteria
	65.01
	9.87


Supplementary Table 4: Taxonomic and phylogenetic assignment table for both APMG02 and APMG03 MAGs using GTDB-Tk v2.3.2, where MAGs were classified within the hierarchical taxonomic framework of the Genome Taxonomy Database (GTDB, release r214) using the GTDB species tree as a reference

	User Genome
	Classification
	FastANI Taxonomy
	Closest Placement Taxonomy
	Closest Placement ANI
	Classification Method
	Classification mode
	MSA AA Percent

	Metagenome Sample: APMG02

	Bin.001
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Burkholderiales;

f__Burkholderiaceae_B;

g__Macromonas;

s__
	-
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Burkholderiales;

f__Burkholderiaceae_B;

g__Macromonas;

s__Macromonas bipunctata
	90.07
	topology and ANI
	placement in class-level tree
	78.93

	Bin.003
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Burkholderiales;

f__Burkholderiaceae_B;

g__Aquabacterium;

s__
	-
	-
	-
	topology and ANI
	placement in class-level tree
	80.3

	Bin.007
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Prevotella;

s__
	-
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Prevotella;

s__Prevotella sp018054505
	97.38
	topology and ANI
	placement in class-level tree
	68

	Bin.008
	d__Bacteria;

p__Campylobacterota;

c__Campylobacteria;

o__Campylobacterales;

f__Sulfurospirillaceae;

g__Sulfurospirillum;

s__Sulfurospirillum sp001548035
	d__Bacteria;

p__Campylobacterota;

c__Campylobacteria;

o__Campylobacterales;

f__Sulfurospirillaceae;

g__Sulfurospirillum;

s__Sulfurospirillum sp001548035
	d__Bacteria;

p__Campylobacterota;

c__Campylobacteria;

o__Campylobacterales;

f__Sulfurospirillaceae;

g__Sulfurospirillum;

s__Sulfurospirillum sp001548035
	97.02
	ANI screen
	ANI only
	89.2

	Bin.009
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Bacteroides_I;

s__Bacteroides_I graminisolvens
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Bacteroides_I;

s__Bacteroides_I graminisolvens
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Bacteroides_I;

s__Bacteroides_I graminisolvens
	98.23
	ANI screen
	ANI only
	86.49

	Metagenome Sample: APMG03

	Bin.001
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Prevotella;

s__Prevotella sp018054505
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Prevotella;

s__Prevotella sp018054505
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Prevotella;

s__Prevotella sp018054505
	98.31
	ANI screen
	ANI only
	84.53

	Bin.002
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Bacteroides_I;

s__Bacteroides_I graminisolvens
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Bacteroides_I;

s__Bacteroides_I graminisolvens
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Bacteroidaceae;

g__Bacteroides_I;

s__Bacteroides_I graminisolvens
	98.45
	ANI screen
	ANI only
	80.18

	Bin.003
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Burkholderiales;

f__Burkholderiaceae_B;

g__Macromonas;

s__
	-
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Burkholderiales;

f__Burkholderiaceae_B;

g__Macromonas;

s__Macromonas bipunctata
	88.9
	topology and ANI
	placement in class-level tree
	73.27

	Bin.004
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Tannerellaceae;

g__Macellibacteroides;

s__Macellibacteroides fermentans
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Tannerellaceae;

g__Macellibacteroides

;s__Macellibacteroides fermentans
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Tannerellaceae;

g__Macellibacteroides;

s__Macellibacteroides fermentans
	97.99
	ANI screen
	ANI only
	91.18

	Bin.006
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Burkholderiales;

f__Rhodocyclaceae;

g__Fluviibacter;

s__
	-
	-
	-
	topology and ANI
	placement in class-level tree
	78.73

	Bin.007
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Burkholderiales;

f__Aquaspirillaceae;

g__Aquaspirillum;

s__
	-
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Burkholderiales;

f__Aquaspirillaceae;

g__Aquaspirillum;

s__Aquaspirillum serpens
	93.89
	topology and ANI
	placement in class-level tree
	70.31

	Bin.008
	d__Bacteria;

p__Desulfobacterota_F;

c__Desulfuromonadia;

o__Geobacterales;

f__Pseudopelobacteraceae;

g__;

s__
	-
	-
	-
	RED
	placement in class-level tree
	72.31

	Bin.010
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Pseudomonadales;

f__Pseudomonadaceae;

g__Pseudomonas_K;

s__
	-
	d__Bacteria;

p__Pseudomonadota;

c__Gammaproteobacteria;

o__Pseudomonadales;

f__Pseudomonadaceae;

g__Pseudomonas_K;

s__Pseudomonas_K sp023544715
	-
	topology and ANI
	placement in class-level tree
	68.94

	Bin.014
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Paludibacteraceae;

g__Paludibacter;

s__
	-
	d__Bacteria;

p__Bacteroidota;

c__Bacteroidia;

o__Bacteroidales;

f__Paludibacteraceae;

g__Paludibacter;

s__Paludibacter sp017989795
	-
	topology and ANI
	placement in class-level tree
	76.8


Supplementary Table 5: Characterization of HQ MAGs based on dDDH, OrthoANI and AAI values.
	MAGs
	Taxonomic neighbour
	dDDH value (%)
	OrthoANI value (%)
	AAI value (%)

	APR203
	Hydrogenophaga intermedia DSM 5680
	18.30
	72.33
	63.746571

	
	Hydrogenophaga borbori LA-38
	18.80
	72.36
	63.982041

	
	Hydrogenophaga taeniospiralis NBRC 102512
	19.00
	72.01
	63.905559

	
	Hydrogenophaga pseudoflava NBRC 102511
	19.40
	72.59
	64.052155

	
	Hydrogenophaga palleronii NBRC 102513
	18.80
	72.52
	64.009748

	
	Hydrogenophaga flava NBRC 102514
	19.30
	72.22
	64.004984

	
	Hydrogenophaga crassostreae LPB0072
	18.40
	70.72
	63.241207

	
	Tepidimonas taiwanensis I1-1
	18.40
	71.45
	63.742284

	
	Tepidimonas thermarum AA-1
	18.20
	71.27
	63.850310

	
	Tepidimonas sediminis YIM 72259
	18.20
	71.23
	63.380631

	
	Tepidimonas ignava DSM 12034
	18.10
	70.90
	63.517011

	
	Tepidimonas fonticaldi AT-A2
	19.00
	71.69
	63.901108

	
	Tepidimonas charontis SPSP-6
	18.00
	70.64
	63.562848

	
	Tepidimonas aquatica CLN-1
	17.60
	71.16
	63.657616

	
	Tepidimonas alkaliphilus YIM 72238
	17.60
	71.17
	63.487542

	
	Aquabacterium soli SJQ9
	21.30
	76.00
	72.802086

	
	Aquabacterium pictum W35
	18.80
	72.95
	65.69956

	
	Aquabacterium lacunae KMB7
	21.90
	76.19
	72.62564

	
	Aquabacterium fontiphilum CS-6
	20.90
	76.29
	75.136078

	
	Aquabacterium parvum B6
	21.70
	76.77
	75.39066

	
	Aquabacterium tepidiphilum YIM 730274
	19.50
	73.34
	67.72831

	
	Aquabacterium commune DSM 11901
	21.50
	76.96
	75.31486

	
	Aquabacterium olei NBRC 110486
	21.50
	76.87
	75.534828

	
	Sphaerotilus montanus DSM 21226
	19.50
	73.00
	66.242905

	

	APR208
	Sulfurospirillum arsenophilum NBRC 109478
	24.60
	81.76
	88.272357

	
	Sulfurospirillum barnesii SES-3
	20.10
	76.98
	80.364139

	
	Sulfurospirillum cavolei NBRC 109482
	18.60
	74.26
	78.837474

	
	Sulfurospirillum arcachonense DSM 9755
	18.40
	70.36
	66.109066

	
	Sulfurospirillum multivorans DSM 12446
	22.60
	79.93
	85.401042

	
	Sulfurospirillum halorespirans DSM 13726
	22.80
	80.08
	86.166426

	
	Sulfurospirillum deleyianum DSM 6946
	20.10
	76.56
	79.89013

	
	Sulfurospirillum tamanensis T05
	17.10
	67.58
	66.109793

	
	Acinetobacter towneri DSM 14962
	64.00
	68.13
	52.173387

	
	Acinetobacter equi 114
	33.00
	63.39
	50.158013

	
	Acinetobacter oleivorans DR1
	22.60
	63.10
	50.34375

	

	APR209
	Bacteroides graminisolvens DSM 19988
	85.40
	98.12
	98.195613

	

	APR304
	Macellibacteroides fermentans DSM 23697
	84.70
	98.30
	98.753505

	

	APR306
	Dechloromonas agitata is5
	20.20
	70.92
	63.94238

	
	Dechloromonas denitrificans ATCC BAA-841
	18.40
	70.74
	63.67458

	
	Dechloromonas hortensis MA-1
	18.50
	70.63
	63.71167

	
	Azonexus fungiphilus DSM 23841
	18.30
	71.00
	63.77248

	
	Azonexus hydrophilus DSM 23864
	19.40
	70.71
	63.85471

	
	Azovibrio restrictus DSM 23866
	17.70
	70.31
	64.16113

	
	Azospira oryzae DSM 21223
	18.50
	70.46
	64.3761

	
	Rhodocyclus tenuis Pfennig 2761
	18.10
	69.87
	62.981297

	
	Methyloversatilis universalis FAM5
	17.80
	69.36
	61.13007

	
	Methyloversatilis discipulorum FAM1
	17.80
	69.45
	61.14938

	
	Methyloversatilis thermotolerans 3t
	18.10
	69.03
	61.03304

	
	Fluviibacter phosphoraccumulans SHINM1
	19.90
	76.46
	81.556943

	
	Uliginosibacterium gangwonense DSM 18521
	17.30
	67.93
	60.36495

	
	Chromobacterium violaceum ATCC 12472
	16.40
	68.61
	58.7016

	
	Hydrogenophaga electricum NBRC 109341
	18.20
	68.14
	57.93569

	

	APR314
	Paludibacter propionicigenes WB4
	23.20
	71.51
	69.887904

	
	Paludibacter jiangxiensis NM7
	18.90
	68.59
	62.942406

	
	Apibacter raozihei HY041
	23.40
	64.77
	55.097438

	
	Apibacter mensalis R-53146
	24.70
	65.29
	55.261364

	
	Apibacter adventoris wkB301
	24.10
	65.76
	55.013327

	
	Apibacter muscae G8
	24.10
	65.03
	55.099213

	
	Tannerella forsythia ATCC 43037
	25.20
	66.24
	60.036108

	
	Tannerella serpentiformis W11667
	28.80
	65.33
	58.843281

	
	Porphyromonas macacae NCTC 13100
	18.80
	66.49
	57.992271

	
	Porphyromonas endodontalis NCTC 13058
	27.70
	65.18
	57.216547

	
	Porphyromonas somerae DSM 23386
	19.80
	64.13
	56.157848

	
	Porphyromonas gingivicanis JCM 15907
	19.10
	65.19
	57.346558

	
	Porphyromonas catoniae ATCC 51270
	30.40
	64.68
	57.83825

	
	Porphyromonas bennonis DSM 23058
	26.80
	62.65
	54.868254

	
	Porphyromonas loveana DSM 28520
	22.00
	65.66
	58.544709

	
	Porphyromonas uenonis DSM 23387
	32.40
	63.97
	56.008286

	
	Porphyromonas levii DSM 23370
	37.60
	64.28
	56.214645

	
	Porphyromonas gulae DSM 15663
	20.60
	65.70
	58.790015

	
	Porphyromonas crevioricanis NCTC 12858
	22.30
	65.20
	58.065885

	
	Porphyromonas cangingivalis NCTC 12856
	16.70
	65.64
	58.064901

	
	Porphyromonas gingivalis ATCC 33277
	20.00
	65.67
	58.843034

	
	Porphyromonas asaccharolytica DSM 20707
	29.50
	63.99
	56.033052

	
	Aurantibacter crassamenti HG732
	26.30
	64.68
	54.640133

	
	Fusobacterium varium NCTC 10560
	68.50
	62.74
	48.624219

	
	Fusobacterium pseudoperiodonticum KCOM 1259
	72.40
	61.69
	48.406713

	
	Fusobacterium necrophorum subsp. funduliforme CCUG 42162
	71.20
	59.57
	48.574312

	
	Fusobacterium necrogenes NCTC 10723
	50.50
	60.97
	48.401732

	
	Fusobacterium hwasookii ChDC F128
	72.40
	62.21
	48.467972

	
	Fusobacterium russii ATCC 25533
	62.10
	62.04
	48.594444

	
	Fusobacterium periodonticum ATCC 33693
	72.40
	61.39
	48.348837

	
	Fusobacterium perfoetens ATCC 29250
	62.10
	61.42
	48.397964

	
	Fusobacterium nucleatum subsp. animalis ATCC 51191
	72.40
	62.86
	48.156553

	
	Fusobacterium massiliense Marseille-P2749
	71.20
	63.42
	48.614250

	
	Fusobacterium ulcerans ATCC 49185
	64.80
	62.77
	48.362000

	
	Fusobacterium necrophorum subsp. necrophorum ATCC 25286
	71.20
	59.85
	48.490421

	
	Fusobacterium nucleatum subsp. polymorphum NCTC 10562
	72.40
	61.94
	48.556776

	
	Fusobacterium gonidiaformans ATCC 25563
	71.20
	61.61
	48.87925

	
	Fusobacterium nucleatum subsp. nucleatum ATCC 25586
	72.40
	62.30
	48.448995


Supplementary Table 6: Comparative Analysis of MAG-Based Studies on Wastewater Microbiomes Across Different Global Locations (Kumar et al., 2023; Begmatov et al., 2024).
	Location
	Year of publication
	Population Density (per km²)
	Average no. of MAGs generated per sample
	Title of the study
	Identified taxa as MAG

	Jetpur, Gujarat, India
	2022
	3611.11
	6.7 (61 MAGs were obtained from 9 shotgun metagenome samples)
	Textile industry wastewater microbiome: Recovery of metagenome assembled genomes (MAGs) using shotgun sequencing approach from Jetpur, Gujarat, India
	Saccharospirillaceae bacterium S5C81, Sulfurospirillum cavolei S2C617, Desertifilum sp. S8C857, Shewanella xiamenensis S2C505, Saccharospirillaceae bacterium S4C81, and Bacillaceae bacterium S6C1905 having completeness of >95% and contamination <1%.

	Moscow, Russia
	2024
	10,408
	2.5 (5 from 2 influent samples)
	Metagenomic insights into the wastewater resistome before and after purification at large‑scale wastewater treatment plants in the Moscow city
	Ruminococcaceae Family, Phocaeicola vulgatus, Streptococcus parasuis, Ancrocorticia Genus, Enterococcus Genus having completeness of >70% and contamination <15%.

	Siliguri, West Bengal, India
	Present study
	12,250
	12.5 (25 MAGs from 2 metagenomes)
	Novel bacterial lineages assembled from wastewater-contaminated river water metagenomes highlight critical ecosystem functions in river Mahananda, Siliguri, West Bengal, India
	Macromonus sp., Candidatus Aquabacterium mahanandaense, Prevotella sp., Candidatus Sulfurospirillum siliguriense, Bacteroides graminisolvens, Macellibacteroides fermentans, Candidatus Fluvibacter nbuensis, Aquaspirillum sp., Trchlorobacter sp., Pseudomonus sp., Candidatus Paludibacter darjeelingensis having completeness of >70% and contamination <5%.


Supplementary Table 7: Water Quality Parameters of River Mahananda (March-May 2024) Compared with WHO Guidelines (Highlighted in bold values are exceeding standard limits). Error bars in the accompanying figure represent the standard deviation (±SD) for each parameter.
	Water Quality Parameters
	Unit
	March (05.03.2024)
	April (05.04.2024)
	May (10.05.2024)
	Mean
	Standard Deviation
	Standard limits as per WHO guidelines

	Ammonia-N
	mg L-1
	0.17
	0.18
	2.38
	0.91
	1.27
	1.5

	BOD
	mg L-1
	27
	20
	22
	23
	3.605
	1

	Boron
	mg L-1
	0.06
	0.14
	0.17
	0.12
	0.056
	2.4

	Calcium
	mg L-1
	29.6
	33.6
	27.2
	30.13
	3.23
	100-300

	Chloride
	mg L-1
	20.39
	25.25
	25.43
	23.69
	2.85
	250

	COD
	mg L-1
	38.4
	35
	40
	37.8
	2.553
	10

	Conductivity
	µs cm-1
	202.7
	335.7
	290
	276.133
	67.57
	500

	Dissolved O2 (DO)
	mg L-1
	5.5
	4.7
	5.3
	5.16
	0.416
	6

	Faecal Coliform
	MPN 100 ml-1
	260000
	110000
	140000
	170000
	79372.53
	0

	Faecal Streptococci
	MPN 100 ml-1
	7900
	1100
	7000
	5333.33
	3693.68
	0

	Fluoride
	mg L-1
	0.26
	0.2
	0.2
	0.22
	0.034
	1.5

	Magnesium
	mg L-1
	1.49
	5.34
	5.83
	4.22
	2.376
	N.A.

	Nitrate-N
	mg L-1
	0.53
	5.81
	4.7
	3.68
	2.783
	50

	pH
	Unit
	7.14
	7.11
	7.49
	7.24
	0.211
	6.5-8.5

	Phosphate-P
	mg L-1
	0.21
	0.11
	0.3
	0.20
	0.095
	N.A.

	Potassium
	mg L-1
	5.9
	9.1
	7.2
	7.4
	1.609
	N.A.

	Sodium
	mg L-1
	17
	25
	20.9
	20.966
	4.0
	200

	Sulphate
	mg L-1
	18.55
	19.14
	16.14
	17.94
	1.589
	250

	Temperature (Water)
	°C
	26
	29
	29
	28
	1.732
	N.A.

	Total Alkalinity
	mg L-1
	82
	90
	80
	84
	5.291
	N.A.

	Total Coliform
	MPN 100 ml-1
	900000
	500000
	330000
	576666.66
	292631.73
	0

	Total Dissolved Solids (TDS)
	mg L-1
	100
	175
	150
	141.66
	38.18
	600

	Total Fixed Solids (TFS)
	mg L-1
	82
	60
	62
	68
	12.16
	N.A.

	Total Hardness as CaCo3
	mg L-1
	80
	106
	92
	92.66
	13.01
	200

	Total Suspended Solids (TSS)
	mg L-1
	30
	31
	44
	35
	7.81
	50

	Turbidity
	NTU
	2
	17.34
	18.4
	12.58
	9.17
	1


Supplementary Table 8: Detailed QC report of the two metagenomic DNA samples.
	Sample Code
	QUBIT (ng/µl)
	DIN value

	APMG02
	206
	6.6

	APMG03
	223
	6.4


Supplementary Table 9: Read quality summary of APMG02 and APMG03 metagenomes.
	Parameters
	APMG02
	APMG03

	Number of Reads
	41,176,388
	49,380,930

	Total Number of Bases
	6,217,634,588
	7,456,520,430

	Type
	Paired End
	Paired End

	Platform
	Illumina
	Illumina

	Mean Read Length
	151.0
	151.0

	Number of Duplicate Reads (%)
	969725 (2.36%)
	826241 (1.67%)

	Phred Type
	33
	33

	Quality Score Mean
	38.92
	39.10

	Quality Score (Min/Max)
	2.0/40.0
	2.0/40.0

	GC Percentage
	43.13%
	42.48%

	Base Percentages
	A (28.5036%)

C (21.0437%)

G (22.0823%)

T (28.3529%)

N (0.0175%)
	A (28.8433%)

C (20.9046%)

G (21.5739%)

T (28.6618%)

N (0.0614%)


Supplementary Table 10: Trimming summary of APMG02 and APMG03 metagenomes.
	Parameters
	APMG02
	APMG03

	Input Read Pairs
	20588194 (100%)
	24690465 (100%)

	Both Surviving
	20230369 (98.3%)
	24356690 (98.6%)

	Forward Only Surviving
	255838 (1.2%)
	223457 (0.9%)

	Reverse Only Surviving
	69596 (0.3%)
	75956 (0.3%)

	Dropped
	32391 (0.2%)
	34362 (0.1%)


Supplementary Table 11: MAG binning statistics for metagenomic assemblies APMG02 and APMG03 using MaxBin2, MetaBAT2, and CONCOCT.
	Parameters:
	APMG02
	APMG03

	Binning using MaxBin2

	Bins
	42
	43

	Input Contigs
	21912
	21861

	Binned Contigs
	15632 (71.3%)
	16673 (76.3%)

	Unbinned Contigs
	6280 (28.7%)
	5188 (23.7%)

	Summed length of Binned Contigs
	7736793 (71.5%)
	77931191 (75.0%)

	Summed length of Binned Contigs
	30756056 (28.5%)
	26035107 (25.0%)

	Binning using MetaBAT2

	Binned Contigs
	10915
	11538

	Input Contigs
	21912
	21861

	Number of Bins
	40
	39

	Binning using CONCOCT

	Binned Contigs
	21896
	21846

	Input Contigs
	21912
	21861

	Number of Bins
	50
	60


Supplementary Table 12: Genomic features of 14 MAGs recovered from the River Mahananda. Strain ID, BioSample ID, and GenBank ID correspond to the identifiers assigned to each MAG. Taxonomic classification was determined using phylogenomic analysis. Genome size is reported in base pairs (bp), and the number of contigs (≥200 bp) reflects genome assembly fragmentation. The source metagenome indicates the metagenomic dataset from which each MAG was reconstructed. The predicted gene count represents the number of coding sequences identified, while GC content (%) denotes the proportion of guanine and cytosine in the genome.
	Strain ID
	BioSample ID
	GenBank ID
	Taxonomy profile
	Genome size (bp)
	No. of Contigs (≥200 bp)
	Source metagenome
	Predicted gene count
	GC content (%)

	APR201
	SAMN44856725
	JBLIZX000000000
	Macromonas sp. APR201
	2125752
	373
	APMG02
	2182
	61.5

	APR203
	SAMN44856726
	JBLIZW000000000
	Ca. Aquabacterium mahanandaense APR203
	3127916
	127
	APMG02
	2907
	61.7

	APR207
	SAMN44856727
	JBLIZV000000000
	Prevotella sp. APR207
	2577269
	634
	APMG02
	2701
	37.8

	APR208
	SAMN44856728
	JBLIZU000000000
	Ca. Sulfurospirillum siliguriense APR208
	2659514
	194
	APMG02
	2935
	37.6

	APR209
	SAMN44856729
	JBLIZT000000000
	Bacteroides graminisolvens APR209
	2954073
	245
	APMG02
	2557
	42.2

	APR301
	SAMN44856730
	JBLIZS000000000
	Prevotella sp. APR301
	1931668
	315
	APMG03
	1806
	37.3

	APR302
	SAMN44856731
	JBLIZR000000000
	Bacteroides graminisolvens APR302
	2195662
	126
	APMG03
	1891
	41.3

	APR303
	SAMN44856732
	JBLIZQ000000000
	Macromonas sp. APR303
	2290023
	517
	APMG03
	2512
	60.9

	APR304
	SAMN44856733
	JBLIZP000000000
	Macellibacteroides fermentans APR304
	3257251
	333
	APMG03
	2869
	42.4

	APR306
	SAMN44856734
	JBLIZO000000000
	Ca. Fluviibacter nbuensis APR306
	1680023
	96
	APMG03
	1730
	58.1

	APR307
	SAMN44856735
	JBLIZN000000000
	Aquaspirillum sp. APR307
	1830100
	467
	APMG03
	2050
	50.0

	APR308
	SAMN44856736
	JBLIZM000000000
	Trichlorobacter sp. APR308
	1486552
	285
	APMG03
	1671
	50.2

	APR310
	SAMN44856737
	JBLIZL000000000
	Pseudomonas sp. APR310
	1774665
	352
	APMG03
	1961
	51.9

	APR314
	SAMN44856738
	JBLIZK000000000
	Ca. Paludibacter darjeelingensis APR314
	2858561
	502
	APMG03
	2620
	39.1
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Poseidonibacter lekithochrous
Azospira restricta

Laribacter hongkongensis
Sulfurospirillum barnesii
Acidovorax sp. KKS102
Acinetobacter tandoii
Sulfurimonas denitrificans
Aeromonas caviae
Rheinheimera mangrovi
Aquaspirillum sp. LM1
Dechloromonas sp. TW-R-39-2
Megamonas funiformis
Malaciobacter mytili
Sulfurospirillum halorespirans
Bacteroides fragilis
Bacteroides cellulosilyticus
Azospira sp. 109




