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Supplementary Figure 1. Distribution of top 20 individual metagenomic pathways according to a depth gradient from surface to bottom waters (0 – 4000 m) for each station. (A) Heatmap demonstrating Hellinger-transformed abundances of top 20 individual metagenomic pathways across depth and station. Columns across all heatmaps were clustered using the “complete” algorithm to show their inter relatedness. Each individual pathway is colour coded for the broader metabolic pathway it corresponds with. (B) Raw abundance of each TCA variant detected per station and sample.
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Supplementary Figure 2. Distribution of top 20 individual metatranscriptomic pathways according to a depth gradient from surface to bottom waters (0 – 4000 m) for each station. (A) Heatmap demonstrating Hellinger-transformed abundances of top 20 individual metatranscriptomic pathways across depth and station. Columns across all heatmaps were clustered using the “complete” algorithm to show their inter relatedness. Each individual pathway is colour coded for the broader metabolic pathway it corresponds with. (B) Raw abundance of each TCA variant detected per station and sample.
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Supplementary Figure 3. Cluster diagrams depicting the relationship between indicator microorganisms and metatranscriptomic pathways. All cluster diagrams are based on Hellinger transformed data, where a darker red colour depicts a stronger positive correlation and lighter blue colours depict a stronger negative correlation between an indicator organism and a particular pathway class. All indicators are labelled according to their order taxonomic designation along with their unique OTU ID. Hierarchical cluster diagrams delineating relationships between the indicators and metatranscriptomic pathways in the (A) DCM, (B) NADW, and (C) Bottom waters are shown.
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Supplementary Figure 4. Heatmap of top 20 individual Hellinger-transformed metatranscriptomic pathways according to Station (7, 15 and 23). Rows across all heatmaps were clustered using the “complete” algorithm to show their inter relatedness.
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Supplementary Figure 5.  (A) Relative abundance of top 20 base metatranscriptomic pathways within Station 7; (B) Relative abundance of top 20 base metatranscriptomic pathways within Station 15;(C) Relative abundance of top 20 base metatranscriptomic pathways within Station 23.
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Supplementary Figure 6.  Spearman correlation between particulate metabolites and taxonomic microbial indicators for the DCM (shown by light blue line), NADW (shown by darker blue line), and bottom waters (shown by darkest blue line). Metabolites in bold are those that correlated most strongly with overall microbial community composition and metatranscriptomic pathways shown in Figure 9.






[image: ]

























Supplementary Figure 7.  Heatmap demonstrating relative abundance of metatranscriptomic pathways related to guanine/guanosine salvage in the surface waters of all three stations (Station 23, 15 and 7). 
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Supplementary Figure 8.  Venn diagrams demonstrating both percent and number of pathways shared in the surface (0-150 m) and deep (250-4000 m) ocean. (A) percent and number of metagenomic pathways shared between the surface and deep ocean.  (B) percent and number of metatranscriptomic pathways shared between the surface and deep ocean.
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Supplementary Figure 9. Stacked bar plot demonstrating the relative abundance of all 16S rRNA gene sequenced- resolved phyla across depth (on the x axis) per station (7, 15 and 23). 


























Supplementary Table 1. Station information from the 2013 R/V Knorr Deep DOM cruise to the western Atlantic Ocean. Depth sampled correspond to surface waters (5 m), deep chlorophyll maximum (DCM), 250 m, oxygen minimum zone (~500 m), Antarctic Intermediate Water (AAIW), North Atlantic Deep Water (NADW) and bottom waters (4000 m).  The in situ water column profiles plotted in this study were from the casts from which the taxonomic samples were collected (cast 18 for station 7, cast 42 for station 15, and cast 68 for station 23). 16S rDNA refers to availability of microbial taxonomic data, MetaG refers to availability of microbial metagenomic data and MetaT refers to availability of microbial metatranscriptomic data.




	Station
	Latitude
	Longitude
	Depth sampled (m)
	Availability of biological data

	2
	38 0.156 S
	44 59.99 W
	5, 75-80 (DCM), 250, 500,750-772 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	3
	34 30 .01 S 
	42 30.03 W
	5, 125-130 (DCM), 250, 500,750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	4
	31 14.97 S
	41 0.211 W
	5, 125-130 (DCM), 250, 500,750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	5
	28 14.14 S
	38 31.51 W
	5, 125-130 (DCM), 250, 500,750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	6
	24 59. 68 S
	35 59.86 W
	5, 125-130 (DCM), 250, 500,750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	7
	22 29.57 S
	33 0.928 W
	5, 125-130 (DCM), 250, 500,750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths, MetaG at all depths except 500m, MetaT at all depths except 500 m- 4000 m

	8
	16 59.95 S
	29 0. 034 W
	5, 125-130 (DCM), 250, 500,750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	9
	13 29.71 S
	27 29.78 W
	5, 140 (DCM), 250, 500, 800 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	10
	3 52.98 S
	28 30.35 W
	5, 125-130 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	11
	5 42.01 S
	28 29.1 W
	5, 125-130 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	12
	5 42. 15 S
	25 59.75 W
	5, 125-130 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	13
	5 42.03 S
	24 0.045 W
	5, 125-130 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	14
	9 29.923 S
	25 59.97 W
	5, 125-130 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	15
	2 41. 971 S
	28 30.15 W
	5, 55-64 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, MetaG, MetaT at all depths

	16
	0 0.089 N
	33 29. 87 W
	5, 55-64 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	17
	1 29.976 N
	36 59.88 W
	5, 55-64 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	18
	3 30. 23 N
	38 59.91 W
	5, 55-95 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	19
	5 55.27 N
	41 17. 77 W
	5, 97 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	20
	5 54. 73 N
	44 59. 89 W
	5, 55-64 (DCM), 250, 500, 750 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, at all depths

	21
	6 29. 95 N
	47 59. 99 W
	5, 55-64 (DCM), 250, 500, 750 (AAIW), 2500 (NADW),  4000 (bottom)
	16S rDNA, at all depths

	23
	9 39. 96 N
	55 16. 31 W
	5, 65-75 (DCM), 250, 500, 875 (AAIW), 2500 (NADW), 4000 (bottom)
	16S rDNA, MetaG, MetaT at all depths except for 250m


Supplementary Table 2. Mantel test results when correlating between both particulate and dissolved metabolites and the 16S rDNA dataset as well as metatranscriptomic pathways. Spearman R and p value shown. Metabolites in bold are those that correlated most strongly with overall microbial community composition and metatranscriptomic pathways shown in Figure 9.




	16S rDNA dataset
	Metatranscriptomic pathways

	Particulate Metabolite
	r value
	p value
	r value
	p value

	MTA
	0.565
	0.001
	0.376
	0.003

	AMP
	0.500
	0.001
	0.345
	0.005

	Adenosine 
	0.486
	0.001
	0.229
	0.020

	Glycine betaine 
	0.372
	0.002
	0.153
	0.070

	Glutamic acid
	0.367
	0.002
	0.207
	0.030

	Guanine
	0.378
	0.001
	0.188
	0.030

	DMSP
	0.551
	0.001
	0.451
	0.002

	Tryptophan
	0.357
	0.002
	0.146
	0.070

	Inosine
	0.409
	0.001
	0.200
	0.040

	Phenylalanine
	0.392
	0.001
	0.278
	0.005

	Riboflavin
	0.430
	0.001
	0.212
	0.040

	Isoleucine
	0.227
	0.007
	0.223
	0.030

	Dissolved Metabolite
	r value
	p value
	r value
	p value

	Biotin
	-0.0151
	0.661
	0.273
	0.125

	Caffeine
	-1 x10-5
	0.472
	0.111
	0.233

	PABA
	0.003
	0.392
	0.575
	0.067

	PHBA 
	-0.0363
	0.878
	0.486
	0.067

	Pantothenic acid
	0.0233
	0.194
	0.486
	0.067

	Phenylalanine
	0.0454
	0.048
	0.428
	0.056

	Riboflavin
	0.0414
	0.090
	0.534
	0.031

	Tryptophan
	0.0148
	0.285
	0.496
	0.058





Supplementary Table 3.  Number of total pathways and reads per kilobase mapped per million (RPKM) per depth zone, per dataset comprising of metagenomic pathways and metatranscriptomic pathways.  RPKM values take into account gene length and total reads in a sample as a proxy for gene abundance. Normalized RPKM shown for each dataset and depth zone were calculated by dividing total RPKM by number of pathways per respective zone. 

	Metagenomic dataset
	Photic zone
	Mesopelagic zone
	Bathypelagic zone

	Total RPKM
	182,857
	141,699
	300,863

	No. of pathways
	877
	851
	914

	Normalized RPKM
	209
	167
	329

	Metatranscriptomic dataset
	
	
	

	Total RPKM
	2,325,632
	210,685
	517,981

	No. of pathways
	781
	660
	731

	Normalized RPKM
	2978
	319
	709





















Supplementary Table 4.  Protein –associated microbial taxonomy, based on the metatranscriptomic pathways positively correlated (Spearman’s rho > 0.5) with indicator taxa in the deep chlorophyll maximum (DCM), North Atlantic Deep Water (NADW) and bottom waters of the Atlantic Ocean.
	ORF_ID
	Taxonomy
	Associated Function
	Compartment

	O_19701_1
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	Aldehyde dehydrogenase 
	DCM

	O_49833_0
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	Aldehyde dehydrogenase 
	DCM

	O_65432_0
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	Acetaldehyde dehydrogenase 
	DCM

	O_102114_0
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	Acetaldehyde dehydrogenase 
	DCM

	O_71462_0
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	Acetaldehyde dehydrogenase 
	DCM

	O_94868_0
	purple photosynthetic bacteria and relatives; gamma subgroup; u nclassified gamma proteobacteria
	biphenyl 2,3-dioxygenase
	DCM

	O_347560_0
	purple photosynthetic bacteria and relatives; alpha subgroup; unclassified alpha proteobacteria; SAR116 cluster
	Cytochrome c oxidase subunit 
	DCM

	O_274895_0
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	Acetyl-coenzyme A synthetase 
	DCM

	O_37079_0
	purple photosynthetic bacteria and relatives; alpha subgroup; Rhodospirillales 
	Ditrans, polycis-undecaprenyl-diphosphate synthase ((2E,6E)-farnesyl-diphosphate specific) 
	NADW

	O_149_0
	purple photosynthetic bacteria and relatives; alpha subgroup; Rhodospirillales
	3-oxoadipate CoA-transferase subunit A
	NADW

	O_5634_0
	purple photosynthetic bacteria and relatives; alpha subgroup; Rhodospirillales 
	Succinyl CoA:3-oxoadipate CoA transferase beta subunit 
	NADW

	O_72534_0
	purple photosynthetic bacteria and relatives; alpha subgroup; Rhodospirillales
	Carbon monoxide dehydrogenase small chain 
	NADW

	O_67980_0
	prokaryotes; purple photosynthetic bacteria and relatives
	Isocitrate dehydrogenase 
	NADW

	O_18755_0
	purple photosynthetic bacteria and relatives; alpha subgroup; rhizobacteria; type II methanotrophs
	Methanol dehydrogenase subunit 1 
	NADW

	O_29858_0
	purple photosynthetic bacteria and relatives; alpha subgroup; Rhodospirillales
	Methanol dehydrogenase subunit 1 
	NADW

	O_65981_0
	purple photosynthetic bacteria and relatives; alpha subgroup; Rhodospirillales 
	Acyl carrier protein
	NADW

	O_41318_0
	purple photosynthetic bacteria and relatives; alpha subgroup
	NADH dehydrogenase iron-sulfur protein 7
	NADW

	O_41952_0
	purple photosynthetic bacteria and relatives; alpha subgroup
	CTP synthase
	NADW

	O_68102_1
	purple photosynthetic bacteria and relatives; alpha subgroup
	succinate dehydrogenase/fumarate reductase, cytochrome b subunit 
	NADW

	O_73905_0
	purple photosynthetic bacteria and relatives; alpha subgroup; Rhodobacterales; alpha-3 proteobacteria
	Acyl carrier protein
	NADW

	O_148814_0
	Green sulfur bacteria group; Cytophaga-Flexibacter-Bacteroides phylum; Flavobacteriales
	Nucleoside diphosphate kinase
	Bottom

	O_108076_0
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	NAD-dependent malic enzyme 
	Bottom

	O_124472_1
	purple photosynthetic bacteria and relatives; gamma subgroup; unclassified gamma proteobacteria
	Inositol-1-monophosphatase
	Bottom

	O_143678_4
	purple photosynthetic bacteria and relatives; gamma subgroup; unclassified gamma proteobacteria
	Ubiquinol-cytochrome C reductase iron-sulfur subunit
	Bottom

	O_143678_2
	purple photosynthetic bacteria and relatives; gamma subgroup; unclassified gamma proteobacteria
	ubiquinol-cytochrome c reductase cytochrome c1 subunit
	Bottom

	O_143678_3
	purple photosynthetic bacteria and relatives; gamma subgroup; unclassified gamma proteobacteria
	Cytochrome b 
	Bottom

	O_140139_0
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	D-alanine--D-alanine ligase
	Bottom

	O_122019_3
	purple photosynthetic bacteria and relatives; gamma subgroup;unclassified gamma proteobacteria
	Bifunctional protein FolD 
	Bottom

	O_133606_0
	purple photosynthetic bacteria and relatives; gamma subgroup;unclassified gamma proteobacteria
	Carbamoyl-phosphate synthase small chain
	Bottom

	O_151794_0
	purple photosynthetic bacteria and relatives; gamma subgroup;unclassified gamma proteobacteria
	Chorismate synthase 
	Bottom

	O_122666_1
	purple photosynthetic bacteria and relatives; alpha subgroup;Rhodobacterales; alpha-3 proteobacteria
	Formate dehydrogenase iron-sulfur subunit 
	Bottom

	O_120119_0
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	Adenylylsulfate reductase, subunit A 
	Bottom

	O_154070_2
	purple photosynthetic bacteria and relatives; gamma subgroup;unclassified gamma proteobacteria
	Anthranilate synthase beta subunit
	Bottom

	O_147255_0
	purple photosynthetic bacteria and relatives; alpha subgroup; unclassified alpha proteobacteria;SAR116 cluster
	Catalase-peroxidase 
	Bottom

	O_149809_0
	purple photosynthetic bacteria and relatives; alpha subgroup;unclassified alpha proteobacteria;SAR116 cluster
	Catalase-peroxidase 
	Bottom

	O_102948_0
	purple photosynthetic bacteria and relatives; alpha subgroup; SAR11 cluster
	Catalase-peroxidase
	Bottom



Supplementary Table 5.  Number of total pathways and RPKM per station, per dataset comprised of metagenomic pathways and metatranscriptomic pathways. RPKM values take into account gene length and total reads in a sample as a proxy for gene abundance. Normalized RPKM shown for each dataset and station were calculated by dividing total RPKM by number of pathways per respective station. 

	Metagenomic dataset
	Station 7
	Station 15
	Station 23

	Total RPKM
	185,733
	214,388
	194,861

	No. of pathways
	885
	908
	896

	Normalized RPKM
	217
	236
	218

	Metatranscriptomic dataset
	
	
	

	Total RPKM
	1,195,539
	1,180,064
	678,695

	No. of pathways
	802
	738
	595

	Normalized RPKM
	1491
	1599
	1140
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