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Materials and Methods 20 

Site description and environmental sampling 21 

The Palmer Antarctica Long Term Ecosystem Research (PAL) program was initiated 22 

in 1991 to study how annual sea ice variability structures the ecology of the West Antarctic 23 

Peninsula (WAP).  A major component of PAL is an annual ship-survey conducted each 24 

austral summer in the month of January.  The cruise conducts a series of cross shelf transects 25 

that span a north-south gradient.  Discrete water samples were collected by Niskin bottles 26 

attached to a profiling Conductivity-Temperature-Depth (CTD) rosette system.  All core 27 

datasets collected by the program are freely available through the Palmer LTER data system 28 

(http://pal.lternet.edu/data).   29 

Each station was sampled by a rosette equipped with a SeaBird Conductivity-30 

Temperature-Depth (CTD) system and collecting discrete water samples with Niskin bottles. 31 

Seawater collected at different depths was filtered (1-2 L) onto 25 mm GF/F filters, wrapped 32 

in foil, and frozen at -80ºC for fluorometric phytoplankton chlorophyll-a (chl-a) analysis (mg 33 

chl-a m-3) or flash frozen in liquid nitrogen and stored at -80ºC for HPLC 34 

pigment/phytoplankton composition analysis (mg pigment m-3).  Filters were extracted in 35 

90% HPLC grade acetone for 24 hours after being macerated with either Teflon pestle and 36 

being ultrasonicated. Procedures and gradients for the HPLC procedures are described in (1).  37 

The taxonomic composition of the phytoplankton assemblages was derived quantitatively 38 

from a High Performance Liquid Chromatography (HPLC) analysis of pigment data using the 39 

program CHEMTAX (V195) with initial pigment ratios derived from WAP phytoplankton by 40 

(1). Starting from the initial pigment ratio matrix and the observed pigment concentration data 41 

set, CHEMTAX quantitatively estimates the phytoplankton abundances (in chl-a 42 

http://pal.lternet.edu/data)
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concentrations) using factor analysis and a “steepest descent” algorithm to optimize the 43 

pigment ratios (2).  44 

Phytoplankton carbon-fixation rates were measured by the uptake of radioactive 45 

sodium bicarbonate.  In borosilicate flasks, 200 ml aliquots of the sea-water, were inoculated 46 

with nominally 1 µCi of NaH14CO3 per bottle. The borosilicate bottles were incubated for 24 47 

hours with bottles screened to in situ light levels and incubated in an outdoor deck incubator.  48 

After incubation, samples were filtered onto GF/F filters, washed with 10% HCl, dried and 49 

counted in a scintillation counter. 50 

Bacterial productivity rates were derived from rates of 3H-leucine incorporation 51 

measured. The leucine assays followed a procedure modified from the protocol originally 52 

proposed by (3). Briefly, triplicate 1.5 ml samples were incubated for ~3 h with 3H-leucine 53 

(MP Biomedical, Santa Ana, CA; >100 Ci/mmol, 20-25 nM final concentration) in 2.0 ml 54 

microcentrifuge tubes (Axygen SCT-200, Union City, CA). Incubations were maintained 55 

within 0.5°C of the in situ temperature in refrigerated circulator baths and terminated by the 56 

addition of 0.1 ml of 100% trichloroacetic acid (TCA). Samples were concentrated by 57 

centrifugation, rinsed with 5% TCA and 70% ethanol and air-dried overnight prior to 58 

radioassay by liquid scintillation counting in Ultima Gold cocktail (Perkin-Elmer, Waltham, 59 

MA). Blank values of TCA-killed samples were subtracted from the average of the triplicates 60 

for each discrete depth sample. 61 

For DNA and RNA, 4 L of surface seawater from the ship’s flow-through underway 62 

system was gently vacuum-filtered onto a 47 mm 0.45 μm pore size Supor filter for years 63 

2012 and 2013, or 47 mm 0.2 μm Supor filters for year 2015. For some coastal high biomass 64 

stations, filtration was stopped when the filter was clogged (< 4 L) and the total filtrate 65 

volume was recorded. 1 ml of RNA later was added to each filter, and the filter was stored in -66 
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80C freezer immediately until further analysis. Surface seawater for flow cytometry were 67 

collected from the Niskin bottles and analyzed on board as described in (4)(5). 68 

Amplicon library construction 69 

16S rRNA gene were amplified by PCR using V4 primer set 515F (5’ – 70 

GTGYCAGCMGCCGCGGTAA – 3’) (6) and 805R (5’ – GACTACNVGGGTATCTAAT – 71 

3’) modified from (7) and (8). To decrease the degeneracy of the reverse primer the 13th base 72 

pair is ‘A’ (7, 9) not ‘W’ as in the 806R V4 primer (8). With this single base difference, the 73 

total degeneracy of the reverse primer decreases from 24 to 12, while it still yields good in 74 

silico primer coverage using SILVA TestProbe (10) with zero mismatch hits as below: 75 

Bacteria 91.8%, including Bacterioidetes 93.3%, Cyanobacteria 91.0% (mostly low hits on 76 

choloroplast 16S rRNA gene), alphaproteobacteria 95.2%, betaprotebacteria 94.9%, 77 

deltaproteobacteria 93.5%, and gammaproteobacteria 94.5%. 78 

Archaea 91.1%, including Crenarchaeota 90.9%, and Euryarchaeota 92.8%.  79 

18S rRNA genes were amplified by PCR using V4 primer set EukF (5’ – 80 

CCAGCASCYGCGGTAATTCC – 3’) (11) and EukR (5’ – ACTTTCGTTCTTGAT – 3’) 81 

modified from (11) as described in (12). The zero mismatch using SILVA TestProbe is as 82 

below, 83 

Original (11) reverse primer: Cryptophyceae 94.9%, Haptophyta 2.4%, Alveolata 80.8% 84 

(including Dinoflagellata 90.2%), Stramenopiles 92.6% (including Diatomea 93.7%). 85 

Modified reverse primer: Cryptophyceae 94.9%, Haptophyta 97.1%, Alveolata 81.1% 86 

(including Dinoflagellata 90.7%), Stramenopiles 93.0% (including Diatomea 94%).  87 

  88 
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 89 

 90 

Figure S1. QMP and RMP for two representative OTUs ranked by ascending Chl a 91 

concentrations. QMP (top) in cells ml-1 and RMP (bottom) in % for OTU2 (SAR11) in blue 92 

circles and OTU5 (Polaribacter) in red squares.  93 

94 
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 95 

Figure S2. Phaeocystis abundances chloroplast 16S vs. genomic18S rRNA gene. Data points 96 

are color-coded by mixed layer depth (Δσθ = 0.125 kg m–3). 97 

  98 
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Table S1. The CV (%) of taxa abundances estimates from duplicate samples Coastal 2A and 99 

Costal 2B in Figure 1B. Internal standards at two different concentrations (high and low) were 100 

spiked into each sample. 101 

  
CV(high) CV(low) 

Cryptophytes 0.5 0.1 

Haptophytes 2.6 4.6 

Alveolata 2.5 4.1 

Rhizaria 12.3 1.8 

Stramenopiles 1.6 2.6 

Others 0.5 1.0 

  102 

  103 
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Table S2. A two-component example of the unknown rrn effect on the FCM normalization 104 

method. Estimates (the bottom row) with more than 100% off the true values are colored in 105 

red. The rrn for Oceanosirillaceae is estimated as the genus averaged rrn from rrnDB. Note 106 

that this calculation does not account for multiple genome per cell which can also affect the 107 

FCM normalization results.  108 

 109 

    
Sample 

S1 

Sample 

S2 

Ratio 

S1/S2 

True Cell number SAR11  1 10 0.1 

 Oceanospirillaceae  10 1 10 

FCM counts   11 11   

          

16S rRNA gene per cell SAR11 1 1  

 Oceanospirillaceae 5.4 5.4  
16S rRNA gene counts SAR11 1 10   

  Oceanospirillaceae 54 5.4   

16S rRNA gene 

percentage SAR11 2% 65%  

 Oceanospirillaceae 98% 35%  

Calculated cell number SAR11 0.2 7.1 0.028 

(FCM × 16S rRNA%) Oceanospirillaceae 10.8 3.9 2.8 

 110 

  111 
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Table S3. Chloroplast 16S and genomic 18S rRNA gene linear correlations (type-II least-112 

square fit): correlation coefficient R2, slope with standard deviation (SD) and y-intercept with 113 

SD for Cryptophytes, Fragilariopsis (diatom), Corethron (diatom), Proboscia (diatom), and 114 

Phaeocystis. 115 

 116 

 
Cryptophytes Fragilariopsis Corethron Proboscia Phaeocystis 

R2 0.87 0.55 0.72 0.40 0.064 

Slope 1.1 0.67 1.3 1.3 0.36 

SD  0.058 0.072 0.11 0.17 0.066 

y-intercept 9.10×104 -3.02×104 4.23×104 -7.70 5.77×104 

SD  1.36×105 3.03×104 2.07×104 6.12×102 5.60×104 

 117 

 118 

The chloroplast 16S rRNA counts and the genomic 18S rRNA counts are within the same 119 

order of magnitude. Phytoplankton could have much less chloroplasts per cell than genomic 120 

18S rRNA gene copies per cell. For example, pennate diatoms generally have 1 or 2 large 121 

chloroplasts per cell (19) and hundreds of 18S rRNA copies per cell (20). Each chloroplast 122 

contains multiple chloroplast DNA (cpDNA) and some phytoplankton could have up to 650 123 

copies of cpDNA per chloroplast (21). Assuming a cpDNA number around 102 (which is 124 

typical in higher plants and as reported in a phytoplankton study (21)), we would expect 125 

chloroplast 16S and genomic 18S rRNA gene copies per cell in the same order of magnitude.  126 

  127 
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