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Supplementary Methods

N2 fixation rate data compilation and calculation of basin-scale yearly rates

We compiled volumetric (surface) and integrated N2 fixation rates from the available literature from the IO published as of October 2022, gathering a total of 269 surface station rates and 103 station integrated rates (Table S1). A total of 269 station surface rates and 103 station integrated rates are plotted in figures 2 and 3. Using interquartile range statistics (Q1 and Q3), we established the maximum (upper bound) limits for the surface and integrated rates at 23 nmol N l-1 d-1 and 361 μmol N m-2 d-1, respectively (excluding very high rates >1000 μmol N m-2 d-1 for integrated rates). Only one publication (Kromkamp et al. 1997) representing 15 station surface rates from the IO is included in the Luo et al. (2012) global database. Another global database by (Tang et al. 2019) included (Gandhi et al. 2011) and (Shiozaki et al. 2014) from the IO, corresponding to 13 surface and 13 integrated N2 fixation rates.

The spreadsheet used to calculate basin-scale yearly N2 fixation rates is available at https://zenodo.org/record/7870536. Briefly, depth-integrated rates were classified according to sub-basin and season, and their arithmetic mean, geometric mean and median calculated. The means and median were extrapolated to the area of each sub-basin considering the duration (days) of each season. Finally, sub-basin seasonal rates were summed for each sub-basin to obtain sub-basin yearly rates, and the latter were summed to obtain basin-scale rates.

nifH sequence data compilation

Currently, there are five nifH amplicon datasets available from the IO (Raes et al. 2018; Wu et al. 2019, 2021; Li et al. 2021; Sato et al. 2022). All the amplicon datasets from the IO were downloaded from the NCBI SRA database, European Nucleotide Archive, and DDBJ and were analyzed by the DADA2 pipeline (Callahan et al. 2016). Sequences were filtered, trimmed, and processed as per the DADA2 guidelines (Callahan et al. 2016). After merging all the cleaned reads of the forward and reverse sequences, sequence lengths of more than 300 base pairs long were considered for downstream processing. Chimeras were removed and after that filtered sequences were used to create the amplicon sequence variant (ASV) tables, ASVs abundance, and taxonomic annotations. The taxonomy of the ASVs was assigned by the recently updated nifHdada2 database http://doi.org/10.5281/zenodo.3958370. The output of the amplicon datasets was used to create the basin-wide heat maps and phylum percent contributions (detailed results of the analyzed dataset will be available upon request). Detailed output of the amplicon datasets and cloning-based sanger sequences used in this study are in Table S1.

We recovered 372 amplicon sequence variants (ASVs) from the BoB where 23.9% of sequences were represented by cyanobacteria and 76.1% by NCDs (Fig. S1). 964 ASVs retrieved from the EqIO by nifH amplicon analysis from 17 samples, where 9.02% and 90.82% sequences were represented by cyanobacteria and NCDs, respectively (Fig. S1). In the EIO, 15.3% of nifH sequences represent cyanobacteria, and 84.7% of the sequences are represented by NCDs (Fig. S1). 
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Table S1: nifH amplicon sequences analyzed and cloned based nifH sequences used in this study.


	Amplicon dataset
	Reference
	SRA Run ID
	Latitude (ºN)
	Longitude (ºE)
	Data type
	Total ASVs

	Bay of Bengal (BoB)
	(Li et al. 2021)
	SRR12376990
	15.49
	88.01
	Illumina Paired end
	372

	
	
	SRR12376991
	15
	91
	
	

	
	
	SRR12376992
	15
	88.5
	
	

	
	
	SRR12376994
	15.01
	87
	
	

	
	(Wu et al. 2019)
	SRR6834173
	9.99
	84.49
	
	

	
	
	SRR6834176
	10
	87.99
	
	

	
	
	SRR6834178
	10
	87.99
	
	

	
	
	SRR6834179
	10
	87.99
	
	

	
	
	SRR6834180
	9.99
	84.49
	
	

	
	
	SRR6834181
	9.99
	84.49
	
	

	
	(Sato et al. 2022)
	DRR393951
	16.46
	88.05
	
	

	
	
	DRR393952
	15
	88
	
	

	
	
	DRR393953
	15
	88
	
	

	
	
	DRR393954
	9.93
	88
	
	

	
	
	DRR393955
	9.93
	88
	
	

	Equatorial Indian Ocean (EqIO)
	(Wu et al. 2019)
	SRR6834172
	0
	84
	Illumina Paired end
	964

	
	
	SRR6834174
	4.99
	90.5
	
	

	
	
	SRR6834175
	4.99
	90.5
	
	

	
	
	SRR6834177
	4.99
	90.5
	
	

	
	
	SRR6834182
	0
	92
	
	

	
	
	SRR6834183
	0
	92
	
	

	
	
	SRR6834184
	0
	84
	
	

	
	
	SRR6834185
	0
	84
	
	

	
	
	SRR6834186
	3.99
	96.32
	
	

	
	
	SRR6834187
	3.99
	96.32
	
	

	
	
	SRR6834188
	3.99
	96.32
	
	

	
	
	SRR6834189
	0
	92
	
	

	
	(Sato et al. 2022)
	DRR393956
	4.99
	88
	
	

	
	
	DRR393957
	0
	88.01
	
	

	
	
	DRR393958
	0
	88.01
	
	

	
	
	DRR393959
	-5
	88.01
	
	

	
	
	DRR393960
	-5
	88.01
	
	

	Equatorial Indian Ocean (EqIO) & Bay of Bengal (BoB)
	(Wu et al. 2021)
	SRR13756225
	9.99
	85.99
	Illumina Single end
	1270

	
	
	SRR13756226
	0
	89.01
	
	

	
	
	SRR13756227
	9.99
	87
	
	

	
	
	SRR13756228
	7.03
	89.69
	
	

	
	
	SRR13756229
	5
	81
	
	

	
	
	SRR13756230
	2
	82
	
	

	
	
	SRR13756231
	5
	96.99
	
	

	
	
	SRR13756232
	2.35
	91.84
	
	

	
	
	SRR13756233
	0
	83
	
	

	
	
	SRR13756234
	10
	84.98
	
	

	
	
	SRR13756235
	2.99
	79.99
	
	

	
	
	SRR13756236
	0.99
	94.49
	
	

	
	
	SRR13756237
	5
	90.59
	
	

	
	
	SRR13756238
	0
	91.99
	
	

	
	
	SRR13756239
	0
	88
	
	

	
	
	SRR13756240
	0.5
	80
	
	

	
	
	SRR13756241
	5.05
	90.44
	
	

	
	
	SRR13756242
	1
	80
	
	

	
	
	SRR13756243
	1.97
	89.5
	
	

	
	
	SRR13756244
	10
	88.24
	
	

	
	
	SRR13756245
	10
	99.91
	
	

	Eastern Indian Ocean (SIO)
	(Raes et al. 2018)
	SRR7038454
	-22.694
	112.785
	Illumina Paired end
	1815

	
	
	SRR7038525
	-17.57
	118.06
	
	

	
	
	SRR7038527
	-18.11
	117.32
	
	

	
	
	SRR7038531
	-14.06
	123.39
	
	

	
	
	SRR7038532
	-25.65
	112
	
	

	
	
	SRR7038533
	-29.34
	113.43
	
	

	
	
	SRR7038785
	-31.67
	115.16
	
	

	
	
	SRR7038788
	-13.06
	125.06
	
	

	
	
	SRR7038790
	-19.76
	115.14
	
	

	
	
	SRR7038827
	-18.11
	117.32
	
	

	
	
	SRR7038903
	-15.37
	121.39
	
	

	
	
	SRR7599347
	-19.76
	115.14
	
	

	
	
	SRR7599354
	-31.67
	115.16
	
	

	
	
	SRR7599558
	-22.694
	112.785
	
	

	
	
	SRR7599581
	-17.57
	118.06
	
	

	
	
	SRR7599620
	-18.11
	117.32
	
	

	
	
	SRR7599700
	-14.06
	123.39
	
	

	
	
	SRR7599704
	-13.06
	125.06
	
	

	
	
	SRR7599706
	-15.37
	121.39
	
	

	
	
	SRR7599708
	-30.92
	114.26
	
	

	
	
	SRR7599717
	-29.34
	113.43
	
	

	
	
	SRR7599720
	-25.65
	112
	
	

	
	(Sato et al. 2022)
	DRR393961
	-10
	88
	
	

	
	
	DRR393962
	-10
	88
	
	

	
	
	DRR393963
	-15
	88.99
	
	

	
	
	DRR393964
	-15
	88.99
	
	

	
	
	DRR393965
	-19.99
	88
	
	

	
	
	DRR393966
	-19.99
	88
	
	

	
	
	DRR393967
	-19.99
	88
	
	

	
	
	DRR393968
	-19.99
	88
	
	

	
	
	DRR393969
	-8.99
	105.74
	
	

	
	
	DRR393970
	-8.99
	105.74
	
	

	
	
	DRR393971
	-12
	107.12
	
	

	
	
	DRR393972
	-15
	108.5
	
	

	
	
	DRR393973
	-15
	108.5
	
	

	
	
	DRR393974
	-12
	112.5
	
	

	
	
	DRR393975
	-12
	112.5
	
	

	
	
	DRR393976
	-16
	112
	
	

	
	
	DRR393977
	-16
	112
	
	

	
	
	DRR393978
	-16
	112
	
	

	
	
	DRR393979
	-20
	111.5
	
	

	
	
	DRR393980
	-20
	111.5
	
	

	
	
	DRR393981
	-22
	111.25
	
	

	
	
	DRR393982
	-22
	111.25
	
	

	
	
	DRR393983
	-24.01
	111.02
	
	

	
	
	DRR393984
	-24.01
	111.02
	
	

	
	
	DRR393985
	-23.4
	109
	
	

	
	
	DRR393986
	-23.4
	109
	
	

	
	
	DRR393987
	-23.4
	109
	
	

	
	
	DRR393988
	-24.5
	112.75
	
	

	
	
	DRR393989
	-24.5
	112.75
	
	





Table S2: Cloning-based Sanger nifH sequences used in this study.

	nifH cloning dataset
	Reference
	Accession No
	Data type
	Total Sequences

	Arabian Sea
	(Mazard et al. 2004)
	AY621706 - AY621747
	Cloned PCR products
	44

	
	
	AY620240 - AY620241
	
	

	Arabian Sea
	(Bird et al. 2005)
	AY800134 - AY800143
	Cloned PCR products
	10

	Arabian Sea
	(Jayakumar et al. 2012)
	JF429940 - JF429973
	Cloned PCR products
	34

	Arabian Sea
	(Bird and Wyman 2013)
	JX064466 - JX064499
	Cloned PCR products
	34

	Arabian Sea & Indian Ocean Subtropical Gyre
	(Shiozaki et al. 2014)
	AB928219 - AB928303
	Cloned PCR products
	84

	Bay of Bengal 
	(Löscher et al. 2020)
	MT507504-MT507584
	Cloned PCR products
	81
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[bookmark: _heading=h.gjdgxs]Fig. S1: Abundance of five diazotroph groups studied in the Indian Ocean (stations are represented in deep pink sampled during the austral summer and boreal winter)
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Fig. S2: Overall diazotroph community composition (A) and percentage contribution of cyanobacteria and NCDs (B) on the diazotroph community of Bay of Bengal (BoB), Equatorial Indian Ocean (EqIO) and Eastern Indian Ocean (EIO).
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Fig. S3: Heat map representing the top 15 ASVs of the diazotroph community in the Bay of Bengal (BoB) during intermonsoon (IM) boreal winter periods.
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Fig. S4: Heat map representing the top 15 ASVs of diazotroph community in the Equatorial Indian Ocean (EqIO) during the intermonsoon (IM) and boreal winter periods.
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Fig. S5: Heat map representing the top 15 ASVs of diazotroph community in the Equatorial Indian Ocean (EqIO) and Bay of Bengal (BoB) during the early to late intermonsoon (IM) period.
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Fig. S6: Depth-wise top 15 ASVs diazotroph community distribution in the Equatorial Indian Ocean (EqIO) and Bay of Bengal (BoB) during the intermonsoon (IM) period. The upper panel represents the 0, 75, and 200 m depth.
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Fig. S7: Heat map representing the top 15 ASVs of the diazotrophs community in the Eastern Indian Ocean (EIO) during the austral summer and intermonsoon periods.
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