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Supplementary Information Text 
Detailed Methods 

Sample collection 

From March 15th to November 15th, 2014 two McLane Parflux Mark 7-21 

sequencing sediment traps were deployed in parallel at 4000 m (800 m above the 

seafloor) at Station ALOHA (22° 45’ N, 158° W), as previously described (1). For each 

trap, a total of 21 samples were collected, each sample bottle containing 12 days of 

accumulated sediment. In the first trap, sinking particles were collected in bottles filled 

with 250 mL of a filtered, buffered formalin brine solution consisting of filtered surface 

seawater containing: sodium chloride (5 g/L), sodium borate (1 g/L) and formalin (3% 

vol/vol final concentration) made up in 4000 mL seawater. The sediment trap was 

programmed to rotate to a new bottle every 12 days. The samples from this trap were 

analyzed for particulate carbon, nitrogen, and phosphorus according to the Hawaii Ocean 

Time-series as described previously (1). In a second trap, sinking particles were collected 

in bottles filled with 250 mL of nucleic acid preservative solution (5.3 M (NH4)2SO4, 25 

mM sodium citrate, 20 mM EDTA, pH=5.2) (2) using the same sampling times as 

formalin fixed traps. Upon sample recovery, the nucleic acid preserved samples were 

immediately stored at 4°C, and subsequently processed for long term storage by 

transferring the sedimented biomass using a serological pipet to a 50 ml Falcon tube, and 

centrifuging at 4,750 rpm at 4°C for 30 minutes in a Beckman Co Allegra X-

15R centrifuge. The supernatant was removed, and the pelleted POM was immediately 

stored at -80°C. Sediment collection cups and Falcon tubes were kept at 4°C during all 

processing steps. 

 

RNA and DNA extraction and purification 

DNA extractions were performed using approximately 70 -  450 mg of frozen 

sediment sample aliquoted using sterile technique. Extractions and purifications were 

performed using the MoBio PowerBiofilm DNA Isolation kit (MoBio #2400050, Hilden, 

Germany) following the manufacturer’s protocol. DNA was quantified using Quant-iT 

PicoGreen® (Invitrogen # P7589, Thermo Fisher, Waltham, MA) kit with a Victor X3 

spectrophotometer (Perkin Elmer, Waltham, MA). Genomic DNA size was assessed 
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using a Fragment Analyzer with DNF- 488 high-sensitivity genomic DNA kit (Agilent, 

Santa Clara, CA). Average DNA size was 8,968 ±2,338 bp. Samples below 1.67 ng/µl 

were further concentrated with SC250 EXP Speed Vacuum and UVS800 DDA vacuum 

system (Thermo Fisher, Waltham, MA). The average DNA yield was 2.3 ng/mg sediment 

across all samples. RNA extractions were performed using an average of 430 ± 180 mg 

of frozen sediment sample aliquoted using sterile technique, following  mirVana RNA 

protocol as previously described (3-7). To each sample lysate prior to purification, 25 µl 

of each internal RNA standards group were added, as previously described (7, 8). A 

secondary RNA column clean-up step using the MoBio PowerClean Pro RNA Clean-Up 

Kit (MoBio #1399750, Hilden, Germany) was performed after initial  mirVana RNA 

purification. RNA was quantified using Quant-iT™ PicoGreen® Assay kit (Invitrogen 

#P11496, Carlsbad, CA) and RNA quality was assessed using DNF-491 high-sensitivity 

total RNA fragment analyzer kit (Agilent Technologies #491500, Santa Clara, CA). The 

average RNA yield was 0.21 ng/mg sediment across all samples. 

 

Small subunit rRNA amplicon sequencing and analyses 

Bacterial and archaeal rRNA amplicon libraries were prepared by PCR amplification of 

the V4 hypervariable region of the SSU rRNA using barcoded 515F 

(5′GTGYCAGCMGCCGCGGTAA3′) and 806R (5′GGACTACNVGGGTWTCTAAT3′) 

primers as previously described (9), with minor modifications (10, 11)using the 

recommended PCR thermal profile (12). Amplicon libraries were purified using 

Agencourt AMPure XP magnetic beads using 1.8X bead ratio to remove primer dimers 

(Beckman Coulter, Brea, CA). Size was verified with gel electrophoresis and 

quantification was performed with a Quant-It PicoGreen dsDNA Assay Kit (Thermo 

Fisher Scientific, Waltham, MA) read on a Victor X3 spectrophotometer. Libraries were 

normalized and equal concentration pooled, and sequencing was implemented on an 

Illumina MiSeq sequencer using a V3 reagent kit (2 x 300bp paired end reads) with 

custom sequencing primers previously described by Caporaso JG. et al. (13). A PhiX 

sequencing control (10 nM stock) was added to a final representation of 15% of the total 

sequencing pool. Read trimming was performed using Trimmomatic v0.36 (14). 

Sequences were then demultiplexed using QIIME2 (9). Error modeling and correction 
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was performed using DADA2 (9, 15). Finally, taxonomy was assigned using the SILVA 

v123 database (16).  

Eukaryote rRNAs were amplified and sequenced using previously described 

methods (17). For RNA samples extracted total RNA was reverse transcribed into cDNA 

(BioRad iScript). The full protocol used to create eukaryotic SSU rRNA metabarcoding 

libraries can be found online at protocols.io: dx.doi.org/10.17504/protocols.io.hdmb246.  

Amplicon sequence libraries were created using PCR primers for the V4 hypervariable 

region of the 18S rRNA gene from the DNA and RNA extracts. The PCR primers were:  

Forward (5’-CCAGCASCYGCGGTAATTCC-3’) and reverse (5’-

ACTTTCGTTCTTGATYRA-3’), targeting the V4 hypervariable region (18). V4 

amplicons were approximately 400 bp in length and generally provide more phylogenetic 

resolution and better diversity estimates relative to other shorter hypervariable regions 

used to study protists (17, 19).  

The PCR thermal profile was adapted from Rodriguez-Martinez et al. (19, 20) 

with an activation step at 98°C for 2 minutes (specific for Q5 High-Fidelity Master Mix, 

NEB #M0492S, Ipswich, MA), followed by 10 cycles of 98°C for 10 seconds, 53°C for 

30 seconds, 72°C for 30 seconds, 15 cycles of 98°C for 10 seconds, 48°C for 30 seconds, 

72°C for 30 seconds, and a final extension of 72°C for 2 minutes. PCR products were 

purified with AMPure magnetic beads (Beckman Coulter #A63881, Brea, CA) and 

normalized to equal concentrations. Before sequencing samples were multiplexed by 

performing an additional PCR to anneal Illumina-specific P5 and P7 indices and then 

combined at equimolar concentrations. 

 

Metagenomic and metatranscriptomic library preparation 

A total of 30 ng of genomic DNA was sheared to an average size of 350 bp using a 

Covaris™ M220 Focused-ultrasonicator™ (Thermo Fisher Scientific #4482277, 

Waltham, MA) following Illumina’s TruSeq Nano Neoprep protocol,  with modifications 

to shear time based on average genomic DNA sizing. Metagenomic libraries were 

prepared using an automated NeoPrep instrument with TruSeq Nano DNA library 

preparation kit (Illumina #NP1011001, San Diego, CA), using an input of 25 ng of 

sheared genomic DNA. Libraries were quantified using a Quant-iT™ PicoGreen® 
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dsDNA Assay kit (Invitrogen #P11496, Carlsbad, CA) with a Victor X3 

spectrophotometer (Perkin Elmer, Waltham, MA) and library sizes were determined with 

a Fragment Analyzer using DNF-486 high-sensitivity 35-6000 bp NGS kit (Agilent, 

Santa Clara, CA). Libraries were sequenced either using a 150 bp paired-end 

NextSeq500/550 High Output v2 reagent kit (Illumina #FC4042004, San Diego, CA),  or 

a 150 bp paired-end NextSeq500 mid-output v2 reagent kit (Illumina #FC4042003, San 

Diego, CA), depending on the number of input multiplexed libraries being sequenced. 

 Quantitative RNA standards were prepared and implemented as described 

previously (7, 8). Briefly, fourteen RNA standards were generated from DNA templates 

via T7 RNA polymerase in vitro transcription (IVT) using the MEGAscript High Yield 

Transcription Kit (Ambion). DNA templates to generate the standards were PCR 

amplified from Sulfolobus solfataricus genomic DNA via PCR amplification and 

incorporation of the T7 promoter. Prior to RNA purification, 25 µl of each standard group 

was added to the sample lysate, targeting a final standard concentration of approximately 

1% to each sample based on expected total RNA yield. 

Metatranscriptomic libraries were prepared with 0.5-50 ng of total RNA using the 

ScriptSeq v2 RNA-Seq kit (Illumina #SSV21124, San Diego, CA). Unique single-plex 

barcodes were annealed onto cDNA fragments during the PCR enrichment for Illumina 

sequencing primers with 12 cycles following manufacture guidelines. Libraries were 

quantified using Quant-iT PicoGreen® (Invitrogen) with a Victor X3 spectrophotometer 

and average complementary DNA fragments size was assessed using DNF-486 high-

sensitivity NGS fragment analyzer kit (Agilent, Santa Clara, CA). Libraries were 

normalized to 4 nM final DNA concentration, pooled in equal volumes,  and sequenced 

using an Illumina NextSeq 500 system with a V2 high output 300 cycle reagent kit. The 

PhiX quality control (Illumina, San Diego, CA) reagent was added to an estimated final 

contribution of 5% of the total estimated sequence density.  

DNA and RNA sequence analyses and workflow  

 The metatranscriptomic paired-end reads were prepared for analysis with two 

quality control workflows resulting in 257 million high quality metatranscriptomic and 

1.05 billion cleaned metagenomic sequences. The first quality control step screened reads 
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for primer sequences using Trimmomatic 0.35 (parameters: ILLUMINACLIP:2:40:15) 

(14) assembled read pairs using PANDAseq 2.9 (parameters: -t .6) (21, 22) and low 

quality bases removed with Trimmomatic (parameters: LEADING:5 TRAILING:5 

MINLEN:45). The second step removed any remaining primer sequences with Cutadapt 

1.18 (parameters: -n 3) (23) and low quality bases with Sickle 1.33 (parameters: -l 50) 

(24).  

Using the quality controlled sequence reads, ribosomal RNA (rRNA) sequences 

were extracted and then split into small and large ribosomal subunit rRNA bins using 

sortmeRNA 2.0 (using default parameters and all included databases) (14, 24, 25). A total 

of 80.3 million metatranscriptomic and 5.04 million metagenomic SSU reads were 

identified.  

The taxonomic affiliations of the SSU rRNA sequences from the 

metatranscriptomic and metagenomic libraries, as well as SSU rRNA amplicon 

sequences, were assigned by sequence identities to the databases using a 97% similarity 

threshold. SSU rRNA sequences were compared to the SILVA SSU NR99 database 

Release 123_1 (16) and the Protist Ribosomal Reference (PR2) database release 4.5 (26) 

using Bowtie2 2.2.3 (parameters: --local --sensitive --gbar) (27). Each SSU rRNA read 

was assigned to a single high quality match using samtools 1.7 (parameters: view -F 

2308) (28) to extract primary alignments and filter_blast_m8.py (parameters: -I 98 -L 50) 

(https://github.com/jmeppley/py-metagenomics) applying an alignment cutoff value of 70 

bases and a 97% identity threshold cutoff. Each SSU rRNA sequence was assigned the 

taxonomy of its most similar match in the database, and counts for each taxon were 

pooled at different taxonomic levels, to account for the most abundant taxonomic groups 

identified. 

Protein-coding genes and resulting proteins were predicted in cleaned sequences 

not containing rRNA using Prodigal 2.60 (parameters: -p meta –c) (parameters: -p meta –

c) (29). Protein sequences were taxonomically and functionally annotated using 

homology search by LAST 756 (parameters: -b 1 –x 15 –y 7 –z 25)(30) against the 

RefSeq database release 75 (31),  and functionally annotated by profile search by 

HMMER 3.1b1 (http://hmmer.org/) against eggNOG database release 4.5(32), 

respectively. 
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Contig assessment and quality control of metagenome-assembled genomes (MAGs)   

For MAG assemblies, the quality of reads from the 21 metagenomes were filtered 

using two-passes of BBDuk software as implemented in BBTools 36.32 

(http://jgi.doe.gov/data-and-tools/bb-tools/) to remove Illumina adapters, known Illumina 

artifacts, phiX, and reads with extreme GC values (parameters for 1st pass: “ktrim=r k=23 

mink=11 hdist=1 tbo tpe tbo tpe”, 2nd pass: “k=27 hdist=1 qtrim=rl trimq=17 

cardinality=t 'mingc=0.05 maxgc=0.95”). Sequencing errors were corrected and low 

abundance k-mers removed using BFC r181 (parameters: “-k 21 -1”) (33, 34). Cleaned 

reads were assembled into 24,553 contigs using MEGAhit (parameters: --presets meta) 

(34, 35)  

Contigs were taxonomically assigned by predicting genes with Prodigal 2.60 

(parameters: -p meta –c) (29) and comparing predicted genes to RefSeq database release 

79 using LAST 756 (parameters: -F 15 -b 1 –x 15 –y 7 –z 25) (30). The 2,733 assemblies 

identified as bacterial were imported into Anvi’o 2.1.0 (31, 36) using BWA 0.7.15-r1140 

(parameters: mem) (22, 37, 38) to map reads,  and using CONCOCT (bundled in Anvi’o) 

(31, 39) to bin contigs into 25 metagenome-assembled genomes (MAGs). Anvi’o  bins 

were considered taxonomically affiliated if more than 25% of genes within them were 

annotated with the same taxon. Finally, the taxonomy at the class-level of the entire bin 

was assessed based on the most abundant taxon among annotations of each bin. In 

parallel, the taxonomic affiliation and the completion of MAGs have been also assessed 

by a multiple marker genes approach using CheckM (40). 

The average nucleotide identity (ANI) between MAGs, as well as two single-cell 

amplified genomes (SAGs) previously isolated from traps deployed at 500 m deep (41), 

were computed using pyANI (42). MAGs were next hierarchically clustered by average-

linkeage (UPGMA) of the ANI distance using the R function hclust (34). Based on the 

length, number of predicted genes, and ANI clustering, 16 bins were selected for further 

analysis 
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Deep trap gene catalogue 

In addition to the MEGAHIT assembly of all samples, cleaned reads from each 

sample were also assembled with Meta-3.9.0 (parameters: "--meta -k 

21,33,55,77,99,127") (43). A non-redundant gene catalog was built from the 21 

individual sample assemblies and the combined megahit assembly by first using Prodigal 

2.60  (parameters: "-p meta -c") (29) to predict gene coding sequences on all contigs, then 

using cd-hit-est V4.7  (parameters: "-c 0.95 -G 0 -aS 0.9 -g 1 -r 1 -d 0") (44) to cluster 

sequences at 95% similarity over at least 90% of the shorter sequence.  

 

MAG distributions and key-functional genes  

Genes and corresponding proteins from MAGs were predicted using Prodigal 

v.2.6.3 (parameters: -p meta). The abundance and number of transcripts for each MAG 

gene was retrieved from that of the closest relative in the gene catalogue,  as identified by 

homology search using LAST. The abundance and transcriptional activity of MAG genes 

was assessed by mapping quality controlled metagenomic and metatranscriptomic reads 

against them using BWA 0.7.17-r1188 (22, 37). For abundance estimates of each MAG 

in the metagenomes and metatranscriptomes, the number of metagenomic and 

metatranscriptomic reads mapped to each MAG’s gene were summed and divided by the 

length of the alignment between the query and the subject. MAGs were annotated by 

protein sequence homology search against the KEGG database (22) using LAST 756 

(30). For the estimation of gene and transcript abundances, the number of reads mapping 

to genes annotated with the KO number of the function considered were summed and 

divided by the number of genes with this same KO number. 
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Fig. S1. Formalin fixed sediment trap elemental analyses in 2014, compared to past 

annual averages.  Particulate organic carbon (A), particulate nitrogen (B) and particulate 

phosphorus (C) flux to 4,000 m at Station ALOHA in 2014 (solid circles), plotted with 

the climatological averages of POC, PN and PP flux to 4,000 m from 1999 to 2014 

updated from the previous data reported by Karl et al, 2012 (1). 
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Fig. S2. Comparison of bacterial SSU rRNA diversity recovered by different 

methods. Analyses are derived from amplicon (bottom) or from metagenomic (middle) 

libraries prepared from particle-associated DNA. The number of counts obtained from 

each method are displayed by barcharts in the top panel with omics-based counts in grey 

and amplicon-based counts in black. 
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Fig. S3. Comparison of eukaryotic SSU rRNA diversity recovered by different 

methods. Analyses are derived from either amplicon (bottom), or metagenome and 

metatranscriptome sequencing libraries (middle),  prepared from particle-associated DNA 

(left) or RNA (right). The number of counts (log10) obtained from each method are 

displayed by barcharts in the top panel, with omics-based (metagenomes or 

metatranscriptomes) counts in grey and amplicon-based counts in black. 
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Fig. S4. Average representation of the deep sediment trap MAGs  

MAGs were recovered in Station ALOHA time-series samples collected from 7 depths 

(25 m to 1000 m) during January to December, 2011 (45). ε: Epsilonproteobacteria 

(purple); γ: Gammaproteobacteria (blue); CFB: Bacteroidetes (green); α: 

Alphaproteobacteria (orange). 
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Table S1. Features and affiliation of metagenome assembled genome (MAG) bins 

recovered from the pooled 2014 sinking POM metagenomic samples.  

  

 

Bin Size 
(Mbp) 

Completeness 
(%) 

predicted 
genes 

Annotated 
(%) Class Order Multiple marker gene 

affiliation 
Most abundant 
taxon assignation 
affiliation 

Bin_11 0.16 4.2 162 47.5 Epsilonproteobacteria unresolved unresolved Campylobacteraceae 
Bin_5 2.45 84.0 2678 62.4 Epsilonproteobacteria Campylobacterales Arcobacter (genus) Campylobacteraceae 
Bin_9 0.21 - 237 41.1 Epsilonproteobacteria unresolved unresolved Campylobacteraceae 
SAG3 0.40 27.6 437 47.0 Epsilonproteobacteria Campylobacterales Campylobacterales (order) n/a 
SAG2 0.16 - 161 65.3 Epsilonproteobacteria unresolved unresolved n/a 

Bin_12 0.06 10.3 63 81.8 Gammaproteobacteria Alteromonadales Alteromonadaceae (family) Unknown 
Bin_8 0.50 15.7 548 79.2 Gammaproteobacteria Oceanospirillales Oceanospirillaceae (family) Oceanospirillaceae 
Bin_15 0.08 - 77 54.2 Gammaproteobacteria unresolved unresolved Colwelliaceae 
Bin_1 1.90 59.5 1928 62.8 Gammaproteobacteria unresolved Gammaproteobacteria (class) Colwelliaceae 
Bin_2 1.60 12.9 1596 60.4 Gammaproteobacteria Alteromonadales Shewanella (genus) Shewanellaceae 
Bin_4 1.53 13.8 1554 66.2 Gammaproteobacteria Alteromonadales Psychromonadaceae (family) Moritellaceae 
Bin_6 1.17 31.0 1080 63.5 Gammaproteobacteria unresolved Gammaproteobacteria (class) Colwelliaceae 
Bin_14 0.09 - 83 46.8 Gammaproteobacteria unresolved unresolved Colwelliaceae 
Bin_7 0.67 22.7 813 47.9 Flavobacteriia Flavobacteriales Flavobacteriaceae (family) Flavobacteriaceae 

Bin_3 1.97 65.3 2139 65.3 Alphaproteobacteria Rhodobacterales Rhodobacteraceae (family) Rhodobacteraceae 
Bin_16 0.02 - 28 25.0 Alphaproteobacteria unresolved unresolved Unknown 
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Additional Datasets 

Dataset S1. Taxon counts for all SSU rRNAs in the metagenomic DNA across the 2014 
Deep trap time-series:   Data_Table_S1_2014_metaGenome_allSSU_lineage_counts 
 
Dataset S2. Taxon counts for all SSU rRNAs in the metatranscriptome RNA across the 
2014 Deep trap time-series: 
Data_Table_S2_2014_metaTranscriptome_allSSU_lineage_counts 
 
Dataset S3. Taxon counts for all 16S rRNAs in DNA bacterial amplicons across the 2014 
Deep trap time-series. 
Data_Table_S3_2014_16S_SSU_Amplicon_lineage_counts 
 
Dataset S4. Taxon counts for all 18S rRNAs in DNA eukaryote amplicons across the 
2014 Deep trap time-series. 
Data_Table_S4_2014_18S_SSU_rDNA_Amplicon_lineage_counts 
 
Dataset S5. Taxon counts for all 18S rRNAs in cDNAs produced from RNA for 
eukaryote amplicons across the 2014 Deep trap time-series. 
Data_Table_S5_2014_18S_SSU_rRNA_Amplicon_lineage_counts 
 
Dataset S6.  Collated taxon counts from metagenomes, metatranscriptomes and amplicon 
data used in main text and SI figures and tables. 
Data_Table_S6_Final_SSU_Counts.xlsx 
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