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Materials and Methods
DNA sequencing and bioinformatics
[bookmark: _Hlk47427773]Amplicon sequence variant (ASV) tables were prepared after Bissett, Fitzgerald 1 and as outlined in https://www.australianmicrobiome.com/protocols/16sanalysisworkflow/. Briefly, FLASH v1.2.11 2 was used to merge paired-end reads and unique sequences were denoised into 79073 ASVs with the UNOISE algorithm 3 using USEARCH 64 bit v8.0.1517 4. ASV abundance profiles per sample were constructed by mapping all the reads to the unique ASVs using the USEARCH ‘otutab’ command. Genomic data are available at https://www.ncbi.nlm.nih.gov/bioproject/385736 under the accession no. PRJNA385736

Functional microbial community composition 
The main idea of PICRUSt2 is to infer the genomic content for a given ASV based on averaging over the reference genomes that are most similar in 16S rRNA sequences 5, 6, 7, 8, 9. The PICRUSt2 genome database (as of November 8, 2017) is based on 41,926 bacterial and archaeal genomes from the Integrated Microbial Genomes (IMG) database 10. The nearest sequenced taxon index (NSTI) score in PICRUSt2 is a metric to evaluate the degree to which microorganisms in a sample are related to available sequenced genomes. PICRUSt2 outputs MetaCyc pathway predictions (Caspi et al., 2018) which are comparable with common shotgun metagenomics output abundances. MetaCyc pathways were linked to their respective secondary superclass levels in the MetaCyc pathway hierarchy system using the ‘smart tables‘ and selecting the ontology ‘parent class‘ at https://metacyc.org/.

Nutrient analyses of seawater
Seawater samples were collected for nutrient analyses from the Niskin bottles at all 36 depth horizons. Dissolved inorganic nutrient (DIN) analyses were conducted at sea on a Bran + Luebbe AA3 HR segmented flow analyser by the CSIRO Hydrochemistry group, following standard spectrophotometric methods 11, 12, 13, 14, 15. Detection limits for dissolved inorganic concentrations of silicate (Si) were 0.2 µmol L-1, for phosphate (PO43-) 0.01 µmol L-1), for nitrate (NO3-) 0.01 µmol L-1, for nitrite (NO2-) 0.015 µmol L-1, and for ammonium (NH4+) 0.015 µmol L-1.

Rate measurements
Stable isotope tracers (15N and 13C) were used to measure N2 fixation rates, NO3- and NH4+ uptake rates and C assimilation rates (primary productivity). The rates have been published in Raes, van de Kamp 16 and are used in this study as a setting for the inferred functional metabolic pathways. Primary productivity and nitrogen assimilation data from this study are available at https://doi.pangaea.de/10.1594/PANGAEA.884052 (Raes et al., 2017) and https://doi.pangaea.de/10.1594/PANGAEA.885169 (Raes et al., 2018b).

Pigment analyses
Pigment analyses have been published in Raes, van de Kamp 16 and data are available at https://doi.pangaea.de/10.1594/PANGAEA.884052. 










Supplementary Tables:

Supplementary Table 1: ANOSIM results for OTU and MetaCyc pathways abundances.
	Bacterial 16S rRNA data

	Ocean Provinces
	R-value 
	Significance
	Permutations

	Southern Ocean and STF
	0.823 
	0.001
	999 

	Southern Ocean and SPSG
	0.997 
	0.001
	999 

	Southern Ocean and PED
	1 
	0.001
	999 

	STF and SPSG
	0.859 
	0.001
	999 

	STF and PED
	0.999 
	0.001
	999 

	SPSG and PED
	0.448 
	0.001
	999 

	
	
	
	

	
	
	
	

	MetaCyc data
	
	
	

	Ocean Provinces
	R-value 
	Significance
	Permutations

	Southern Ocean and STF
	0.594 
	0.001
	999 

	Southern Ocean and SPSG
	0.988 
	0.001
	999 

	Southern Ocean and PED
	0.955 
	0.001
	999 

	STF and SPSG
	0.91 
	0.001
	999 

	STF and PED
	0.927 
	0.001
	999 

	SPSG and PED
	0.495 
	0.001
	999 


R values indicate the level of similarity between all sampled ocean provinces, with R=0 indicating strong similarity and R=1 indicative of a strong dissimilarity. Significant differences at the p<0.001 level.

Supplementary Table 2: The 399 inferred MetaCyc pathways from the PICRUSt2 analysis. MetaCyc pathways are collapsed into 41 secondary superclasses and ontology parents of MetaCyc pathways are also shown at two levels.

Supplementary Table 3: BRT model outputs from 75 observations and 22 predictors. Attached as a separate .csv file. See table for the relative influence (%) for the 22 biotic and abiotic predictors.

Supplementary Table 4: is attached as a separate .csv file and details the relative abundance of each sequence at the 97% similarity threshold with an NSTI >2.



Supplementary Figures
[image: ]
Supplementary Figure 1: Nitrate concentrations (µmol L-1) along the P15S GO-SHIP transect from 66 oS to the equator. Top panel highlights data from the surface to 350m, and the bottom panel show nitrate concentrations from 350m to the bottom. The thick white line represents the MLD. The black circles on the top panel show where the DNA samples were collected and the little black dots on both panels shows denote the three sampling depths of 140 CTD stations. The depth range for Depth 1 was 6.6±4.1 m, for Depth 2 it was 35.3±13.1 m and for Depth 3, 70.7±18.0 m. The boxes on top of the figures mark the oceanographic provinces; the Southern Ocean, the Subtropical Frontal zone (STF), the South Pacific Subtropical Gyre (SPSG), and the Pacific Equatorial Divergence Province (PED). 
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Supplementary Figure 2: Fermentation pathways
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Supplementary Figure 3: Microbial metabolism pathways presented as the secondary superclass in MetaCyc classification system. Figures A, E, H and L present our hypotheses. The cumulative relative abundances of the pathways in figures B, C, D, F, G, I, J, K, M and N present trends in the core ecosystem functions from 66 oS to the equator. The expected trends are shown above each panel. (1) Eppley 17, (2) Boyd, Watson 18, (3) Browning, Achterberg 19, (4) Rivkin and Legendre 20, (5) Van Mooy, Rocap 21. Non-significant trends are denoted by ‘ns’ in the trend plots.
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Supplementary Figure 4:  ‘indicator’ pathways in the Southern Ocean
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Supplementary Figure 5:  ‘indicator’ pathways in the STF 
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Supplementary Figure 6:  ‘indicator’ pathways in the PED
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