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 4 

Metagenomic assembly and co-assembly 5 
Details of seawater sampling, DNA extraction, shotgun sequencing, and generation of single 6 

sample metagenome assemblies were previously described in1. In the current study, we 7 
generated metagenome co-assemblies of collection of samples from the Canada Basin and 8 

Amundsen Gulf (Supplementary Data 1) to recover a greater diversity of MAGs. All metagenome 9 
co-assemblies were generated using MEGAHIT v.1.2.72 with k-mer sizes of 27, 37, 47, 57, 67, 10 

77, and 87. 11 

 12 

Binning, dereplication, and taxonomic classification of MAGs 13 
The input metagenome reads for each co-assembly were mapped to the co-assemblies with BWA 14 

v.0.7.17 using the mem option3. The mapping results were processed using 15 
jgi_summarize_bam_contig_depths.  Contig binning was performed for each of the assemblies 16 

using MetaBAT2 v.2.12.14 with default settings, resulting in 4,824 genome bins. Genome quality 17 
was evaluated using CheckM v.1.0.115  with the lineage_wf workflow. The 924 bins with >50% 18 

completeness and <10% contamination and strain heterogeneity were considered at least 19 
medium-quality MAGs. Dereplicated MAGs with >50% completeness and <10% contamination 20 

and strain heterogeneity were taxonomically classified with the GTDB-tk v.1.3.0 using the 21 
classify_wf workflow6. The medium-quality MAGs were dereplicated with dRep using 95% ANI 22 

cut-off to remove species level redundancy7, resulting in 663 representative MAGs. 23 

 24 

MAG abundances and distributions across the global ocean 25 

To determine the coverage of MAGs in the Canada Basin metagenomes (Supplementary Data 26 
1) and 129 TARA global oceans metagenomes8 and 20 Southern Ocean metagenomes9, trimmed 27 

metagenome reads were initially recruited to a concatenation of the MAGs at a minimum 28 
sequence identity of 98% using BBMap v.35. The mapping files were parsed to extract the 29 

mapping information for each individual MAG using a custom Unix script which implemented 30 
SAMtools10. Mapping files for each MAG were converted from SAM to sorted BAM format files 31 
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using SAMtools10. Horizontal coverage was calculated following the method in11 in which the 32 

average sequencing depth is truncated to the central 80% of the mapped positions (TAD80) 33 
normalized by the number of genome equivalents. The number of genome equivalents in each 34 

metagenome was estimated using MicrobeCensus v.1.1.012. A principal coordinate analysis was 35 
performed to assess the community composition of medium-quality MAG assemblages based on 36 

the Bray-Curtis dissimilarities in TAD80 abundances using the function pcoa() in the R package 37 
vegan13.  38 

 39 

Functional annotation of MAGs  40 

Gene prediction and annotation was performed using Prokka v.1.1214, which implemented 41 
Prodigal v.2.6.3 for protein coding genes15, Barrnap for ribosomal RNA genes, and ARAGORN 42 

v.1.216 for transfer and transfer-messenger RNA genes. Functional annotation of proteins was 43 

performed using Prokka v.1.1214 with default settings.  Functional annotation of proteins was also 44 
performed using KofamKOALA17 with default settings and a threshold score greater than 0.7 or 45 

higher and an e-value below 1 x 1010 or lower to identify metabolic genes within the MAG 46 
catalogue. 47 

 48 

Supplementary Results 49 
 50 

The Western Arctic Ocean MAG catalogue 51 

We generated a MAG catalogue from an eight station transect of the western Arctic Ocean that 52 
included the Amundsen Gulf and a latitudinal gradient of the Canada Basin (73-81oN) (Figure 53 

S1a). We performed a metagenomic survey of the oligotrophic Canada Basin samples (Table 54 

S1). All stations were ice-free during the sampling period (September 2017), except for the most 55 
northern station (CBN3). The survey targeted distinct water layers, including the surface mixed 56 

layer (SML; 5 m and 20 m), the subsurface chlorophyll maximum (SCM; 55-95 m), Pacific-origin 57 
winter water (PWW; 90-250 m) and Atlantic-origin water (AW; 360-1000 m) (Figure S1b). To 58 

maximize the MAG diversity recovered, we performed contig binning on each of the 31 single 59 
metagenome assemblies, as well as on three metagenome coassemblies generated from 1) all 60 

24 Canada Basin samples (CB coassembly), 2) 11 Canada Basin samples from the SML and 61 
SCM (Upper water coassembly), and 3) 7 Amundsen Gulf samples (AG coassembly).  In total, 62 
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we recovered 924 MAGs exceeding MIMAG medium quality through an additional <10% strain 63 

heterogeneity criterion. MAGs were dereplicated across assemblies/ coassemblies (average 64 
nucleotide identity >= 95%), resulting in a genomospecies-level set of 663 MAGs. Of the 65 

genomospecies, 84% (559) were represented by MAG originating from metagenome 66 
coassemblies and 16% (104) originated from single metagenome assemblies (Supplementary 67 

Data 2), demonstrating the value of combining coassembly and single assemblies in generation 68 
of MAG datasets.  69 

 70 
To map MAG biogeography across the water layers of the Canada Basin, we calculated the 71 

central 80% truncated average depths of coverage (TAD80) from fragment recruitment. Based on 72 
TAD80, between 62 and 471 MAGs were detected across samples, with a pattern of increased 73 

observed richness with depth (Figure S1c). Correspondingly, fragment recruitment to the MAG 74 

dataset was lowest in the surface waters (average 8.34%) and increased with depth with the 75 
highest mean read recruitment from the PWW samples (26.34%), indicating less genomic 76 

representation from the surface waters (Figure S1d) A principal coordinate analysis 77 
demonstrated distinct MAG assemblages were strongly structured by the stratified waters masses 78 

of the Western Arctic Ocean (Figure S1e).  79 
 80 

We next investigated the distribution of the Arctic Ocean MAG catalogue across other regions of 81 
the global ocean. The Arctic Ocean MAG catalogue recruited on average 0.05% (0.04% and 82 

0.08%) of reads from surface and chlorophyl maximum layer metagenomes from other regions of 83 
the ocean (Figure S1d). Recruitment was greater for mesopelagic metagenomes from lower 84 

latitudes (0.14 to 6.19 %) and was greatest for a single mesopelagic metagenome from the 85 

Southern Ocean (9.74 %). This restricted distribution across global oceans demonstrate a strong 86 
Arctic Ocean endemism of the MAGs.  87 

 88 
The MAG dataset represented a wide phylogenetic range, including 619 bacterial (Figure S2a) 89 

and 44 archaeal taxa (Figure S2b) of which the majority (93%) were novel at the species level 90 
(Figure S2c).  91 

 92 
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Figure S1. Vertical structuring of the microbial community in the Canada Basin, Arctic Ocean. (A) 

Map of sampling stations in the Canada Basin, Arctic Ocean. The map was generated using 
ggOceanMaps in R. (B) Principal component analysis of the environmental characteristics of the 

Canada Basin metagenome sampling locations. (C) The number of MAGs recovered form 
metagenome assemblies. (D) Abundance of the MAG collection in the Arctic Ocean and global 

oceans based on fragment recruitment (E) Principal coordinate analysis of the taxonomic variation 
among Arctic Ocean MAG assemblages based on TAD80 community fraction of the MAGs. 

 



UB
A1

23
82

ASMP01ARS50

ARS1285

M
G

IIb−O
3

M
G

IIb−O
3

MGIIb−P

MGIIb−P

MGIIb−Q1

MGIIb−Q1

MGIIb−Q1

MGIIb−Q1

U
BA

88
86

Nitro
sopelagicu

s

Nitro
so

pe
lag

icu
s

UB
A5

7

UB
A5

7

UBA55

M
G

IIb
−O

3

Th
al

as
sa

rc
ha

eu
m

M
GI

Ib
−O

2
M

G
IIb
−O

2

MGIIb
−O

2

MGIIb
−O

1

MGIIa−L1MGIIa−L1

MGIIa−L1

MGIIa−L1

MGIIa−L1
MGIIa−K1

MGIIa−K1
MGIIa−K2MGIIa−K2

UBA60

UBA60
PSPT01

U
BA226

Halobacteriota
Nanoarchaeota
Thermoplasmatota
Thermoproteota
Undinarchaeota

A

B

species
genus
family
order
class

0 200 400 600
Number of MAGs

AABM5−125−24
Acidobacteriota
Actinobacteriota
Bacteroidota
Chloroflexota
Cyanobacteria

Desulfobacterota_B
Gemmatimonadota
Halobacteriota
Latescibacterota
Marinisomatota
Myxococcota

Myxococcota_A
Nanoarchaeota
Nitrospinota
Nitrospinota_A
OLB16
Patescibacteria

Planctomycetota
Poribacteria
Proteobacteria
SAR324
SM23−31
Spirochaetota

Sumerlaeota
Thermoplasmatota
Thermoproteota
Undinarchaeota
Verrucomicrobiota
Classified

C

Bacterial phylum

Archaeal phylum



Figure S2. A MAG catalogue from the western Arctic Ocean. Phylogenetic diversity of (A) 

bacterial and (B) archaeal MAGs in the Western Arctic Ocean MAG catalogue. For the archaeal 
tree, taxa IDs were not assigned for some MAGs at this taxonomic level. (C) Phylogenetic novelty 

of the MAGs. The bars represent the number of MAGs within that taxonomic group that are novel 
at each of the five taxonomic levels. 

 





Figure S3. Metabolic reconstruction of the central carbon metabolism of P. arcticus and P. 

hydrocarbonoclasticus. Black arrows indicate genes of pathways conserved between P. arcticus 
and P. hydrocarbonoclasticus. Red arrows indicate genes of pathways possessed only by P. 

arcticus. Blue arrows indicate genes of pathways possessed only by P. hydrocarbonoclasticus. 
Grey dashed arrows indicate genes of pathways that are absent in P. arcticus and P. 

hydrocarbonoclasticus. 
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