Experimental procedures
Sampling sites and environmental variables. The sampling sites were located in the occidental part of the Indian Ocean (Figure 1) and include 8 stations. Seawater samples were collected on the schooner Tara between March 4, 2010 and July 15, 2010 at 2 depths: at the surface (about 5 metres deep), and at the DCM (from 48-75 metres deep, depending on the station). Samples were collected by pumping seawater up a tube immersed to the appropriate depth at the sampling location, using a large peristaltic pump (A40, TECH-POMPES, Sens, France). In addition to GPS coordinates (WGS84), the following variables were measured by the CTD in order to describe each sample (Table S1): depth (m), salinity (g.L-1), potential temperature (°C; i.e. pressure-corrected temperature), density (kg.m-3), oxygen (µmol.kg-1), chlorophyll a (mg Chl.m-3), bbp (470 nm; m-1), beam attenuation (660 nm; m-1). Moreover, flow cytometry was used to estimate concentrations of Prochlorococcus, Synechococcus, heterotrophic bacteria and picoeukaryotes (mL-1; Peuk), the proportion of HNA, and of small picoeukaryotes (Peuk1; putative Mamiellophyceae).
Sampling and DNA extraction. Free Prasinovirus particles were collected as follows: twenty litres of seawater were first passed through 200 µm and 20 µm mesh filters to remove larger plankton, then in series through 1.6, 0.22 and 0.1 µm filters (142 mm, GF/A glass microfibre pre-filter, Whatman, Ref. 1825-142; 142 mm, 0.22 µm Express PLUS Membrane, Millipore, Ref. GPWP14250; 142 mm, 0.1 µm MF-Membrane, Millipore, Ref. VCWP14250, respectively). DNA extractions were done only on the 0.1 µm filters, following a modified CTAB protocol (Winnepenninckx et al., 1993): (i) the filters were crushed in liquid Nitrogen, (ii) incubated at 60 °C for one hour in a CTAB buffer (2 % CTAB (hexadecyltrimethylammonium bromide); 100 mM TrisHCl (pH=8); 20 mM EDTA; 1.4 M NaCl; 0.2 % β-mercaptoethanol; 0.1 mg/mL proteinase K; 10 mM DTT (dithiothreitol), (iii) DNA was purified using an equal volume of chloroform/isoamylalcohol (24 :1) and a one-hour-long-RNase digestion step, (iv) DNA were precipitated with a 2/3 volume of Isopropanol and washed with 1 mL of a solution containing 76 % v/v EtOH and 10 mM ammonium acetate solution. Finally, the extracted DNA samples were dissolved in 100 µL of laboratory grade deionized water and stored at -20 °C until the sequencing steps. An approximate yield of 100 ng.µL-1 was obtained on average for each sample.

The Mamiellophyceae were collected as follows: one hundred litres of seawater were first passed through 200 µm, 20 µm and 5 µm mesh filters (Buisine, France) to remove larger plankton, then through 0.8 µm filters (142 mm, 0.8 µm PC Membrane, Millipore, Ref. ATTP14250). Filters were crushed (6 knocks s-1 for 1 min; FreezerMill 6700, FisherScientific, France), yielding approximately 1 g of material per filter. Total DNA was extracted using the NucleoSpin® RNA L kit combined with RNA/DNA Elution buffer kit (Macherey-Nagel, Hoerdt, France) under the recommendations of the fabricant and eluted with 400 µL of elution buffer. Then DNA was quantified using a Nanodrop ND-1000 Spectrophotometer (Labtech International), and extract quality was checked on an agarose gel (1.5 %).

Primer, PCR, sequencing and data processing. The DNA polymerase gene (polB) of prasinoviruses were amplified using the primer sets VpolAS4 (5’-GAR GGI GCI ACI GTI YTN GA-3’) - VpolAAS1 (5’-CCI GTR AAI CCR TAI ACI SWR TTC AT-3’). In order to multiplex different samples for sequencing (454-pyrosequencing), adapters, key and “MID” tags were incorporated at the 5' ends during primer synthesis. PCR reactions were done in duplicate and set up as follows: 2 (L of environmental DNA (100 ng) was added to a 48 (L reaction mixture which contained 0.2 mM of each deoxyribonucleoside triphosphate, 30 pmol of each primer, 1/10 of Advantage 2 PCR buffer and 1 U of Advantage 2 Polymerase Mix (Cat. No. 639201, Clontech). The PCR was conducted in a Mastercycler (Eppendorf) with an initial step of 95 °C (3 min) followed by 38 rounds at 95 °C (30 s), 50 °C (60 s), 72 °C (90 s) and a final extension at 72 °C (4 min). The amount of environmental DNA (100 ng) was optimized according to experimental assays done using a range of 10 to 500 ng DNA from a test sample. The PCR protocol, particularly the number of cycles, was optimized using the genomic DNA of OtV5 (Derelle et al., 2008), OlV1, MpV1, BpV1, and BpV2 (Moreau et al., 2010). PCR products were electrophoresed in 0.5 % TAE buffer in a 0.8 % agarose gel and the expected band was excised by UV visualization after ethidium bromide staining. PCR bands were purified directly using a gel extraction kit (QIAquick, Cat. No. 28704, Qiagen). The DNA concentrations were measured using a Nanodrop 2000 Spectrophotometer (Thermo Scientific) and amplicons were pooled stoichiometrically before sequencing on a GS-FLX Titanium plate. Pyrosequencing and PCR noise was removed using AmpliconNoise v1.25 (Quince et al., 2011) implemented in QIIME (Quantitative Insights Into Microbial Ecology) v.1.3.0 (Caporaso et al., 2010). Reads lacking a correct primer and/or having less than 360 successful pyrosequencing flows were removed. Then, after the removal of primer sequences, the following steps and the default parameters were used: PyroDist; PyroNoise (-s 60.0 -i 0.01); SeqDist; SeqNoise (-s 25.0 -i 0.08); Perseus. After theoretical translation in the appropriate reading frame, stop codon-containing sequences were removed and the denoised sequences of polB were trimmed to ~300-bp after the protein motifs GKQLAYK. Finally, blastp searches (Altschul et al., 1990) (using the polB of OtV5 as a query with a 35.4 % identity threshold) and phylogenetic analyses were performed to retain only potential Prasinovirus sequences, i.e. those positioned phylogenetically within known prasinoviruses or between Chlorovirus and Prasinovirus.

The amplification of V9 region of the 18S were conducted with Phusion® High-Fidelity DNA Polymerase (Finnzymes) using the PCR primers 1389f (5’-TTG TAC ACA CCG CCC-3’) and 1510r (5’-CCT TCY GCA GGT TCA CCT AC-3’). The PCR mixture (25 µL final volume) contained 5 ng of template with 0.35 µM final concentration of each primer, 3 % of DMSO and 2X of GC buffer Phusion Master Mix (Finnzymes). Amplifications of the V9 region were done following the PCR program: initial denaturation step at 98 °C (30 s), followed by 25 cycles at 98 °C (10 s), 57 °C (30 s), 72 °C (30 s), followed by 15 cycles at 98 °C (10s), 48 °C (30 s), 72 °C (30 s) and final elongation step at 72 °C (10 min). Each sample was amplified in triplicate to produce a sufficient quantity of DNA. Products of the reactions were run on a 1.5 % agarose gel to check for successful amplification products of the expected length. Amplicons were then pooled and purified using the NucleoSpin® Extract II kit (Macherey-Nagel, Hoerdt, France). To obtain a similar number of reads for each sample, purified amplicons for each condition were quantified with the Quant-iT™ PicoGreen® dsDNA kit (Invitrogen) and then mixed in equal concentrations. The amplified fragments were then sequenced from both sides on a Genome Analyzer IIx (Illumina, San Diego, CA, USA). The overlapping reads thus generated were merged using a script based on the fastx library (http://hannonlab.cshl.edu/fastx_toolkit/index.html), the last nucleotides of the right member of a read pair being aligned to its cognate read. Each merged read was then examined for the presence of the exact sequences of the forward and reverse primers. For each sample, redundant duplicate sequences were then eliminated. Sequences that were present at a single copy and in a single sample were then filtered for quality. For every position of a 50-bp sliding window along the sequence, the expected number of errors was computed from the list of quality values. Every sequence with more than one percent of error in any sliding window was discarded. This filtered set of sequences was then checked for chimeras using the chimera search module of the usearch program (Edgar, 2010), both looking for chimeras with respect to a in-house database (V9_PR2; http://taraoceans.sb-roscoff.fr/EukDiv/), and also internally, checking inside each sample for sequences that could be a chimera formed from most abundant sequences in the same sample, and removing them from the dataset. We then eliminated redundant sequences by comparing all datasets.

Sequence analysis. The sequence analyses were performed using Mothur (Schloss et al., 2009). The sequence data were dereplicated to avoid proportional biases generated by PCR or sequencing. The representatives of identical sequences are hereafter named genotypes, and this diversity analysis is thus based on specific richness. Alignments were computed for Prasinovirus according to the codons using Muscle v3.8.31 (Edgar, 2004) implemented in Seaview (Galtier et al., 1996; Gouy et al., 2010) and using the fast method FFT-NS-2 with MAFFT 6 software (Katoh et al., 2002) (http://mafft.cbrc.jp/alignment/server/index.html) for Mamiellophyceae. Sequences were clustered at different percentages of sequence identities, from 70 to 100 %. Rarefaction curves were produced at different thresholds and allowed us to define the Operational Taxonomic Units (hereafter referred to as OTU) when the curves began to level off, i.e. at 90 % and 97 % for Prasinovirus and the Mamiellophyceae, respectively. This step provided an objective cutoff and permitted us to standardize the different samples. Furthermore, in order to compare samples, only relative abundance of each OTU were considered. The samples were clustered according to their OTU composition using the Bray-Curtis dissimilarities and the function tree.shared. A global BIONJ tree (Gascuel, 1997) was reconstructed using Seaview with the Prasinovirus representatives of each sample for a nucleotide identity of 90 %, and the differences in community structure were tested using the P-test, implemented in Mothur and the parsimony function (10,000 iterations). Finally, the estimation of the richness was assessed using the bootstrap calculator for OTU thresholds of 90 and 97 %.

Prasinovirus and Mamiellophyceae annotation. In order to describe the environmental Prasinovirus diversity, a polB alignment of 475 Prasinovirus and Chlorovirus isolates was reduced to 23 reference sequences, using an OTU cutoff of 90 % (see Figure 3). All reference sequences were aligned with the environmental sequences according to the codons as described above, and clustered at different nucleotide identities (from 70 to 90 %). The environmental polB sequences were annotated for an OTU cutoff of 74 %, i.e. when all the reference sequences of BpV, MpV and OV clustered into three different groups. The annotation was done using a representative sequence from each OTU, as a query for the Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990) search against the NCBI nucleotide collection (http://blast.ncbi.nlm.nih.gov.gate1.inist.fr/Blast.cgi).

For Mamiellophyceae, the uclust module of usearch was used (Edgar, 2010) to form OTU at distinct similarity levels. Sequences were clustered by total abundance at 85 % identity, and then reclustered within each cluster with increasing similarity thresholds (increasing by 1 % up to 100 % similarity). Sequences in the different clustering levels were then characterized. Taxonomic assignation was done using the in-house database V9_PR2 and the global to global search strategy implemented in the ggsearch36 program (fasta package; http://faculty.virginia.edu/wrpearson/fasta/CURRENT/). For each read, the best taxonomic assignation was retained, or, in case of equality, the last common ancestor of best hits, limiting to hits above 85 % identity. Then, all reads assigned to Mamiellophyceae were aligned with reference sequences from Marin & Melkonian (2010). The reference sequences were reduced to 16 sequences using a cutoff of 97 % (see Figure 4). They were aligned with the environmental sequences as previously described, and clustered at different nucleotide identities (from 85 to 100 %). The environmental sequences were annotated according to the last cluster they shared with reference sequences (Figure S1), and then using a BLAST search against the NCBI nucleotide collection for the unknown sequences.

Phylogenetic reconstructions. Phylogenetic trees were computed from alignments of the reference sequences and the environmental OTU (defined using a cutoff of 90 and 95 % for Prasinovirus and Mamiellophyceae, respectively). Phylogenetic reconstructions were based on DNA sequences, using Bayesian inference, with an evolutionary model selected via Akaike Information Criterion and jModelTest v2 (Darriba et al., 2012). Sequences were partitioned according to codon position for Prasinovirus, and the estimation of model parameters was unlinked across partitions. Bayesian analysis was carried out with MrBayes 3.2 (Ronquist et al., 2012), with 4 chains of 2,000,000 generations, trees sampled every 1000 generations, and burnin value set to 20 % of the sampled trees. We checked that standard deviation of the split frequencies fell below 0.01 to ensure convergence in tree search.
Statistical and multivariate analysis. Analyses were done using R v3.0.2 (http://www.R-project.org).

To estimate if there was a link between sequencing effort and OTU richness, we used either the rank based Spearman ρ correlation coefficient (when normality was rejected using the Shapiro-Wilk normality test; shapiro.test {stats}) or Pearson’s product-moment correlation coefficient with cor.test {stats}. Since no link was apparent, no normalization was used to compare their richness. Then, the correlation between OTU richness was assessed and tested with the rank based Spearman ρ correlation coefficient using an OTU cutoff of 90 and 97 % for Prasinovirus and Mamiellophyceae, respectively.
Principal component analysis (PCA) was used to discriminate the different samples according to the environmental variables (Table S1; the whole variables except latitude and longitude) using the R ade4 package and the dudi.pca function. Missing data of station 46 were replaced by the average of the corresponding variable. This step avoided biases, since data were centered and scaled before processing multivariate analyses. The contribution of each variable to build the principal components was obtained using the inertia.dudi function.

The influence of geography and the environment on the composition of Prasinovirus and Mamiellophyceae communities was inferred using Mantel tests (Mantel, 1967), particularly to examine the significance of correlations between virus or host community distances (based on the proportion of OTU for a 90 or 97 % cutoff, respectively) and geographical distances (GPS coordinates) (accounting for spatial structure), virus or host community distances - environmental distances (accounting for environmental selection), virus community distances - host community distances (accounting for host selection). The distance matrices were computed using the Bray-Curtis dissimilarity for virus and host communities, and the Euclidean metric for the environmental variables and the geographic coordinates using the R vegan package and the vegdist function after a standardization step (R vegan package and the decostand function). Mantel tests were computed using the R vegan package and the mantel functions.

Canonical correspondence analysis (hereafter named CCA) was used to investigate the variations in the proportions of the different OTU under the constraint of the environmental variables. We assumed in this work a unimodal response of species to environmental variations. We first selected the variables that best explain the variation of Prasinovirus or Mamiellophyceae using a correspondence analysis and an environmental vector fitting, implemented in the R vegan package and in the cca, envfit functions. The significant variables (i.e. variables that significantly explained changes in the distribution of OTU) of the new dataset were then chosen using CCA and a forward-selection procedure (999 permutations), implemented in the R vegan package and in the cca, ordistep functions.

Finally, we tried to predict environmental Prasinovirus - Mamiellophyceae associations using a co-distribution analysis of the Prasinovirus OTU (nucleotide identity of 74 %) and the Mamiellophyceae annotations. First, a correspondence analysis (CA) was done to describe the distribution of Prasinovirus and Mamiellophyceae in the different samples using the R vegan package and the cca function. Then, the rank based Spearman ρ correlation coefficients and their significance were computed between taxon pairs using the R psych package and the corr.test function, after applying the Benjamini and Hochberg correction for multiple comparisons (Benjamini & Hochberg, 1995).
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