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cDNA labeling and hybridization
cDNA was labeled at the Roy J. Carver Center for Genomics (The University of Iowa, USA) using the Agilent SureTag DNA Labeling Kit (Cat# 5190-3400) and by following a protocol based on Agilent Oligonucleotide Array‐Based CGH for Genomic DNA Analysis: Enzymatic Labeling for Blood, Cells, or Tissues (Version 7.3 March 2014). For each sample, 0.5 µg of cDNA was diluted to 19.2 ng/µl (26.0 µl total), denatured and annealed with 5.0 µl of random primers. The resulting 31.0 µl sample was incubated at 95° C for 5 min, then immediately placed on ice for 5 min, and then centrifuged at 6K × g for 1 min. Nineteen µl of Labeling Master Mix was prepared (10.0 µl of 5X Reaction Buffer, 5.0 µl of 10x dNTP, 3.0 µl cyanine, 1.0 µl Exo-Klenow fragment) and then added into the sample. The sample was briefly centrifuged, then incubated at 37° C for 2 h followed by incubation at 65° C for 10 min and then transferred on ice. Labeled cDNA was then purified using the Agilent SureTag DNA Labeling Kit, which included purification columns. A Nanodrop spectrophotometer was used to check that the yield and specific activity of Cy3 were within expected ranges. Cy3-labeled cDNA was hybridized using a Gene Expression Hybridization Kit (Cat# 5188‐5242) and following the protocol from “One-Color Microarray-Based Gene Expression Analysis: Low Input Quick Amp Labeling (Version 6.7, September 2014).”  For each Cy3-labeled sample, 3.0 µg of DNA was taken, and water added to bring the total volume to 44.00 µl. To each sample, 66.0 µl of hybridization master mix was added (11.0 µl 10x GE blocking agent, 55.0 µl 2x Hi-RPM Hyb Buffer) for a total volume of 110 µl. The sample was mixed, incubated at 95° C for 3 min, placed on ice, and then briefly centrifuged. From each sample, 100 µl was taken and loaded onto one of the 4 arrays on a MicroTOOLs microarray slide. Arrays were hybridized at 65° C for ~18 h. After hybridization, arrays were first washed for 1 min in room temperature Gene Expression Wash Buffer 1 and then washed for 1 min in 37° C Gene Expression Wash Buffer 2 (Gene Expression Wash Buffer Kit, Cat# 5188‐5327).

Impact of changes in phylogroup transcript relative abundances
For gene sets that were significantly differentially expressed in the EGSEA analysis, we performed an additional check to see if the differential expression could be attributed solely to a change in the transcript relative abundance of the phylogroup in the two samples being compared. For example, we checked whether increases in HL Prochlorococcus photosynthesis transcripts in NH4+ vs. controls at T24 reflected an overall increase in transcripts from HL Prochlorococcus, perhaps due to an overall decrease in transcripts from all other phylogroups (S1 Fig). Each phylogroup’s total transcript relative abundance varied little across the samples (S1 Fig) and had fold changes that were always less than the transcript level fold changes for gene sets reported as differentially expressed, with the exception of eukaryote rbcL in FDW. However, our check is more useful for phylogroups with a broad set of genes on MicroTOOLs to anchor the total transcripts for the phylogroup, whereas eukaryotes are almost exclusively represented by rbcL.

Results and discussion
Metatranscriptome interpretation based on NMDS clusters
	NMDS clusters were strongly influenced by changes in transcript levels from HL Prochlorococcus, Synechococcus, and photosynthetic eukaryotes (PE; Fig 1) because these phylogroups are highly represented in the MicroTOOLs microarray design [1]. Across T24 samples, the total proportion of transcripts attributed to each phylogroup was stable (max s.d. 0.05, for HL Prochlorococcus; S1 Fig), as were relative abundances [2]. Thus, the metatranscriptome positions in Fig 1 reflect changes in the distribution of transcripts within each of these phylogroups. Note that heterotrophic bacteria were also abundant, and those with larger genomes (HNA) underwent large cell density increases in all treatments [2]. However, heterotrophs have fewer MicroTOOLs targets and thus had limited influence in the NMDS analysis. In contrast, although PE are represented mainly by rbcL in MicroTOOLs, there are many rbcL targets. 
	Although transcript level changes from N stress genes (described in the main text) indicated that the CCS surface phytoplankton community was N-limited, in comparison to the NSPG, the CCS community as detected with the microarray either was not N-starved or was co-limited by N and another nutrient. This is supported by the significantly tighter clustering of the CCS versus the NPSG metatranscriptomes (p~0 in a PERMDISP2 [3] analysis using the vegan R package function betadisper on Euclidean distances between samples followed by ANOVA) apparent in S3 Fig and also by the single-gene and EGSEA analyses (main text). An alternative explanation for the clustering differences is that higher diversity in the CCS might have caused transcripts to be distributed over more MicroTOOLs targets, and thus limited the influence of transcriptional changes from any single phylogroup in the CCS metatranscriptomes. In particular, across CCS samples, Prochlorococcus versus Synechococcus transcripts were ~1:1 (the ratio of the medians of each phylogroup proportion of transcripts) but ~2:1 across NPSG samples in the study by Robidart et al. [4]. Most likely, nutrient statuses and diversity both influenced the clustering differences between CCS and NPSG metatranscriptomes.
	The high diversity of the microbial community at the CCS station also may have contributed to the higher variation among replicate metatranscriptomes, such as the outlier N+Fe sample (Fig 1). This sample had the smallest proportion of transcripts from viruses (6.7% vs. 11.6±1.5% for all samples) and, perhaps consequently, the largest proportion of transcripts from HL Prochlorococcus (42.2% vs. 31.4±5.1% for all samples). It is possible that other replicates that clustered poorly (e.g. the outlier Fe sample) differed with respect to viruses or grazers not represented on MicroTOOLs. High variation among replicate metatranscriptomes from coastal communities in comparison to oligotrophic communities have been observed in other metatranscriptomic studies [5,6].

Changes in ratios of rbcL to ntcA transcript levels in Prochlorococcus and Synechococcus
As a simple proxy for cellular needs of carbon (C) versus N, we examined relative transcript levels for rbcL versus ntcA for the dominant HL strain MED4. We hypothesized that a high C:N ratio, indicating N limitation, would lead to increased transcription of ntcA to acquire N rather than to increased transcription of rbcL to fix CO2. The rbcL to ntcA ratio in Prochlorococcus increased in all N treatments, and the highest increases were in the urea, NO3-, and NH4+ treatments in comparison to controls and all other treatments at T24 (not significant [p>0.01] in Mann-Whitney U test, with just 2-3 replicate ratios in each comparison; S4 Fig). The similar results in urea and NH4+ suggested that both substrates provided enough N to shift the internal C-N balance in Prochlorococcus MED4 within 24 hours.
The most abundant Synechococcus strain CC9605 had small changes in the ratio of rbcL to ntcA in controls and all treatments at T24 (1.1±0.35) in comparison to Prochlorococcus (4.6±3.8; S4 Fig). For both genera, the most elevated ratios were observed in the treatments with NH4+, NO3-, and urea. In these treatments both Prochlorococcus and Synechococcus cell densities increased significantly but modestly by T48 in comparison to controls, except for NH4+ where Synechococcus cell abundances decreased (Fig 2B). This suggests that Synechococcus was at a disadvantage or used a different metabolic strategy compared to Prochlorococcus in utilizing added NH4+.

Transcriptionally active Prochlorococcus strains and oligotypes detected by 16S-rRNA gene analysis 
The subpopulations of Prochlorococcus MIT9515 and MIT9301 that had different responses to NO3- might correspond to oligotypes defined by Shilova et al., [2] based on 16S rRNA gene sequence analysis [2,7]. In T0 samples, two main oligotypes were identified for MIT9515 (10.72% and 1.42% of total Prochlorococcus) and also for MIT9301 (relative abundances of both ≤ 0.29% of total Prochlorococcus). However, we have no genomic sequence data to link oligotypes to the PS genes, and it is possible that the detected PS transcripts from these natural populations were similar to MIT9515 and MIT9301 only with respect to these genes.
Prochlorococcus responses from other stress genes
Several Prochlorococcus genes associated with reactive oxygen species and light stress responded to the treatments. In the NO3- and FDW treatments, transcript levels from genes that encode NiSOD, a putative nickel-containing superoxide dismutase precursor, decreased for HL strains (DE for MED4 and MIT9515; S6 Fig) but increased for LL strains (DE for CCMP1375 and MIT9313; S7 Fig). EGSEA corroborated the NiSOD gene increases from LL strains in response to FDW. EGSEA also indicated that HL Prochlorococcus genes associated with light stress (UV damage or subsequent DNA repair) decreased in all treatments, except they increased in N+Fe. These genes included phrB which encodes a DNA photolyase, nudix which encodes nudix hydroxylase, and pmm1359 whose function is not known (but highly light-responsive, [8]. S8 Fig illustrates for phrB and nudix targets for MED4 the EGSEA result, with most targets having lower transcript levels relative to controls at T24 for all treatments except N+Fe.

Synechococcus responses from genes associated with P, Fe, and other stresses
	For some Synechococcus, increases in available Fe may have resulted in transcription increases for genes associated with P stress. The EGSEA analysis showed overall transcript level increases for P stress genes in response to the addition of Fe, N+Fe, and FDW (with an unknown concentration of Fe) but not in response to treatments that added only N (Fig 2B). However, the single-gene DE analysis revealed strain- and gene-specific responses (S9 Fig). For example, in the NO3- treatment, psiP (P-stress inducible protein) transcripts increased for strain WH8102 (clade III), but phosphate transporters (pstS) decreased for the dominant strain CC9902 and for RS9916. In the FDW treatment as well, WH8102 and RS9916 had opposite responses for, respectively, psiP (increased) and pstS (decreased).
	Synechococcus genes that are usually elevated during Fe limitation increased in response to FDW and N+Fe (Fig 2B), but once again, responses differed among strains and genes (S5 Fig). In response to FDW, strain-specific EGSEA analyses found that transcript levels from Fe stress genes increased >1.2× on average for strains CC9311 (dpsA was DE), RCC307, WH7803, and CC9902. However, for CC9902 one fur target decreased DE in response to FDW (S5 Fig). This same target also decreased DE in response to NO3-, along with a third fur target. Finally, EGSEA showed transcript level increases from RCC307 iron stress genes in response to treatments with Fe (alone or N+Fe).
	As with HL Prochlorococcus, the addition of N+Fe led to overall transcript level increases for Synechococcus genes associated with light stress (or associated DNA repair genes; phrB, nudix, and pmm1359 in the EGSEA “light stress” gene set).

Correlated transcription of picocyanobacteria urea uptake genes
	The weighted correlation network analysis (WGCNA) assigned most (75%) picocyanobacteria urtA genes to the same module indicating significantly correlated transcript levels across the samples. WGCNA module M10 was comprised almost exclusively of picocyanobacteria urtA genes (118 of 140 genes in M10; S1 Table). These included 109 of 133 detected Prochlorococcus urtA genes for multiple strains from HL and LL ecotypes. Most other Prochlorococcus genes associated with N stress or metabolism were assigned to M1 (295 of 367 detected). Similarly, M10 had the most Synechococcus urtA genes (9 of 25 detected) while most of the other 462 detected Synechococcus N genes were assigned to modules M1 and M3 (92 and 93 targets, respectively).

Transcription changes among Pelagibacter
	Transcripts from Pelagibacter ubique spp. HTCC7211, HTCC1062 and HTCC1002 were detected in every sample (from 41%, 13%, and 16% of their respective MicroTOOLs targets; S1 Table), consistent with the stable relative abundances of Pelagibacter from T0 to T24 in controls and treatments [2]. Transcript level changes for Pelagibacter proteorhodopsin genes (bop) differed across treatments. For example, the EGSEA analysis found that bop transcript levels increased in response to NH4+ but decreased in response to Fe, N+Fe, or FDW (S10 Fig). We interpret the bop increases in the NH4+ treatment (mainly from strain HTCC7211) as a response to carbon (C) starvation [9] because at T48 Shilova et al. [2] observed the second highest primary productivity rates and Chl a concentration, as well as highest cell abundances for HNA cells and Prochlorococcus and the lowest cell abundances for LNA cells (which include Pelagibacter ubique). The bop decreases in response to Fe-containing treatments have, to our knowledge, not been reported for Pelagibacter ubique, however, proteorhodopsin transcription increases under Fe limitation have been observed for some diatoms [10] and suspected for pelagophytes and dinoflagellates [11]. We observed strain-specific responses in other treatments as well. For example, in response to FDW, large (>1.2×) bop transcript level decreases occurred for strains HTCC7211 and HTCC1002, and also for alphaproteobacterium HIMB5, but HTCC1062 did not respond to FDW (S10 Fig, S11 Fig). Single-gene analysis showed that in response to NO3-, bop transcript levels increased DE for HTCC1062 but decreased DE for HIMB5 and HTCC7211 (with one exception for HTCC7211 that increased). 
	In the EGSEA analysis, transcript levels from Pelagibacter Fe stress genes had large decreases in response to FDW or NO3-, and weak (<1.2×) decreases in response to urea or Fe (S10 Fig). Strain HTCC7211 likely accounted for the decreases because it has the most MicroTOOLs Fe gene targets within Pelagibacter, including 171 targets for iron transporter idiA. The results were similar from the single-gene DE analysis with decreased idiA transcript levels in FDW and NO3- (S11 Fig). 
	Treatments may have affected Pelagibacter metabolism of dimethyl sulfoniopropionate (DMSP) based on transcript level changes for dmdA which encodes a demethylase for DMSP. Treatments with NO3- or with FDW, which had the same concentration of NO3-, resulted in transcript level decreases for some Pelagibacter targets for dmdA. Large (>1.2×) decreases occurred for Pelagibacter spp. HTCC7211 in response to NO3- (strain-specific EGSEA analysis), and DE decreases were observed for targets from HTCC7211 and HTCC1002 in response to FDW (S11 Fig, S1 Table). We note that EGSEA did not indicate increases (or changes) for dmdA in the NH4+ treatment, neither overall for Pelagibacter nor individually for strains HTCC7211, HTCC1002, or HTCC1062. Thus, although DMSP is known to be a C source for marine bacteria [12,13], DMSP was not likely utilized to address the C starvation hypothesized in the NH4+ treatment.
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