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Summary 
 

Write a short informative summary of your Deliverable (2 pages maximum), which should include 
the following elements: 
 
Objective(s): Transcriptomes of cultured strains and of natural marine microbial populations (meta-

transcriptomics) were studied with the aim to identify actively expressed genes. In case of the 

metatranscriptomics analyses, additionally the organisms were to be identified to which these 

actively expressed genes belonged to.  

Rationale: Samples were obtained from cultured strains and from natural marine microbial 

populations, from these total high-quality RNA was prepared, reverse transcribed and sequenced 

according to different protocols. These protocols included paired-end SOLEXA sequencing and 

differential RNA sequencing (dRNA-Seq). In selected cases, verification and additional experiments 

were performed to test the validity of the obtained results or to extend the scientific value of the 

results.  

Results: Transcriptome datasets were generated, analysed and published for cultured isolates of the 

cyanobacteria Nodularia spumigena sp. CCY9914, Anabaena strain 90, Prochlorococcus sp. MIT9313 

and MED4, Trichodesmium erythraeum sp. IMS101 and the gammaproteobacteria Alteromonas 

mediterranea. Metatranscriptome datasets were generated for the subsurface microeukaryotic 

functions from a 345.50 mbsf depth sample collected in the Canterbury basin, off the coast of New 

Zealand using a eukaryotic-targeted method to extract, sequence and analyze fungal mRNA, for 

microbial populations in the Gulf of Aqaba, Red Sea during winter deep mixing and summer 

stratified conditions and for microbial populations studied during the VAHINE project in the South 

West Pacific (New Caledonia).  

Partner(s) involved in Deliverable production: Partner 3, UBO S; Partner 11, UMH; Partner 18, UF; 

Partner 22 RIBO.  
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Transcriptome datasets 
 
Partner 18 (UF) has been leading the genome-transcriptome analysis of Nodularia spumigena sp. 
CCY9914, a cyanobacterium representative of the nitrogen-fixing algal summer blooms of the 
brackish waters of the Baltic. This has been a collaborative project involving three MaCuMBA 
partners (Partner 1, NIOZ; Partner 18, UF; Partner 22, UW) and was published (Voß et al., 2013). In a 
continuation of the work on Nodularia spumigena sp. CCY9914 a comparative transcriptome analysis 
was completed in a collaboration with the laboratory of M. Hagemann at the University of Rostock 
(Kopf et al., 2015). Background to this work has been that in the surface scum, cyanobacterial cells 
are exposed to high light intensity, high oxygen partial pressure and other stresses. To mimic these 
conditions, cultures of Nodularia spumigena CCY9414 were incubated at a high light intensity of 
1,200 µmol photons m-2 s-1 or a combination of high light and increased oxygen partial pressure. 
Using differential RNAseq, we compared the global primary transcriptomes of control and stressed 
cells. The combination of oxidative and light stresses induced the expression of twofold more genes 
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compared with high light stress alone. In addition to the induction of known stress genes, such as 
psbA, ocp, and sodB, Nodularia cells activated the expression of genes coding for many previously 
unknown light- and oxidative stress-related proteins. In addition, the expression of non-protein-
coding RNAs (ncRNAs) was found to be stimulated by these stresses. Among them was an antisense 
RNA to the phycocyanin-encoding mRNA cpcBAC and the trans-encoded regulator of photosystem I, 
PsrR1. The large genome capacity allowed Nodularia to harbor more copies of stress-relevant genes 
such as psbA and small chlorophyll-binding protein genes combined with coordinated induction of 
these and many additional genes for stress acclimation. Our data provide a first insight how 
Nodularia spumigena became adapted to conditions relevant for a cyanobacterial bloom in the 
Baltic Sea (Kopf et al., 2015). 
 
In another collaborative work with the group of Kaarina Sivonen at the University of Helsinki and the 
group of Eva-Mari Aro at the University of Turku, Partner 18 (UF) has contributed to the 
transcriptomic and proteomic profiling of Anabaena sp. strain 90 under inorganic phosphorus stress 
(Teikari et al., 2015). Inorganic phosphorus can be one of the main growth-limiting factors of 
diazotrophic cyanobacteria, therefore the response of this model organism was of general interest. 
One of the most induced transcripts encodes a giant protein of 1869 amino-acid residues, which 
contains, among others, a phytase-like domain. Our findings predict its crucial role in phosphorus 
starvation but future studies are still needed (Teikari et al., 2015). 
 
Partner 18 (UF) has completed the analyses of primary transcriptomes of laboratory cultures of 
Prochlorococcus marinus and Trichodesmium erythraeum, both marine cyanobacteria with high 
ecological impact but representing two groups at the opposite ends with regard to their 
ecophysiological growth requirements and genetic adaptation. Prochlorococcus is a marine 
unicellular cyanobacterium that populates the oligotrophic open oceans between 40°N and 40°S 
(Partensky et al., 1999). In these areas, Prochlorococcus numerically dominates the phytoplankton 
with up to 5 x 105 cells per ml, contributing a significant fraction of the photosynthetic biomass 
(Goericke & Welschmeyer 1993; Vaulot et al. 1995). Prochlorococcus is specialized for the very 
oligotrophic conditions where it thrives, among other factors by reducing cell, genome size and copy 
number to the lowest possible minimum. The oceanic ecosystem is strongly affected by the interplay 
between Prochlorococcus, cyanophages that infect Prochlorococcus and alphaproteobacteria of the 
SAR11 clade. Whereas the latter is dependent on organic matter produced by primary producers 
such as Prochlorococcus, cyanophage contribute to this interaction by lysing Prochlorococcus, hence 
making the organic matter available (Thompson et al., 2013). Two distinct ecotypes have been 
defined according to their adaptation to high-light (e.g., strain MED4) or low-light regimes (e.g., 
strain MIT9313) (Moore et al., 1995), which were targeted by our analysis. The diazotrophic 
cyanobacterium Trichodesmium, in contrast, contributes significantly to the nitrogen and carbon 
biogeochemical cycles of tropical and subtropical oceans where it forms large surface accumulations 
estimated to supply 60 - 80 Tg N y-1 of 100 - 200 Tg N y-1 assessed from total marine N2 fixation 
(Carpenter and Capone, 2008). In contrast to Prochlorococcus, the genome of Trichodesmium 
appears not be streamlined and is also rich in non-coding sequence stretches (Walworth et al., 
2015).  
 
The aim of our study was to elucidate the primary transcriptomes of Prochlorococcus strains MED4 
and MIT9313 representing the two most diverse clades within the two major ecotypes adapted to 
high- and low-light conditions, respectively and of Trichodesmium erythraeum IMS101.  
 
Transcriptomic analyses allow the detection of all transcripts including non-coding RNAs (ncRNAs), 
short unidentified open-reading-frames (ORFs), as well as intron splicing and expression of selfish 
DNA. However, we have been using differential RNA-seq (dRNA-seq). In this approach the RNA pool 
is enriched for primary transcripts, based on the presence of the characteristic 5’ triphosphate that 
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results from the initiation of transcription (Sharma et al., 2010). dRNA-seq identifies the suite of 
active transcriptional start sites (TSS), providing a precise genome-wide map of active promoters and 
insight into the regulatory system.  
 
In case of the Prochlorococcus analysis we additionally combined the comparative analysis of the 
transcriptomes of the two strains using three different high-throughput methodologies (454 and 
Solexa sequencing platforms and dRNA-seq) with Affymetrix high-density microarrays for the 
independent verification of antisense transcripts (Voigt et al., 2014). We generated genome-wide 
maps of transcriptional start sites (TSS) for both organisms. Our data suggested antisense 
transcription for three quarters of all genes, which is substantially more than observed in other 
bacteria. We discovered hundreds of TSS within genes, most notably within 16 of the 29 genes 
encoding prochlorosins in strain MIT9313, which might be relevant for the intercellular 
communication. A direct comparison revealed very little conservation in the location of TSS and the 
nature of non-coding transcripts between both strains. We detected extremely short 5’ untranslated 
regions with a median length of only 27 nt and 29 nt for MED4 and MIT9313, respectively, and for 8 
% of all protein-coding genes the median distance to the start codon is only 10 nt or even shorter. 
These findings and the absence of an obvious Shine-Dalgarno motif suggested that leaderless 
translation and ribosomal protein S1-dependent translation constitute alternative mechanisms for 
translation initiation in Prochlorococcus. We concluded that genome-wide antisense transcription is 
a major component of the transcriptional output from these relatively small genomes and that a 
hitherto unrecognized high degree of complexity and variability of gene expression exists in their 
transcriptional architecture (Voigt et al., 2014). 
 
With our work on Trichodesmium we addressed in particular the possible functionality of the 
extensive non-coding genome fraction of T. erythraeum. We presented a genome-wide map of 6,080 
TSS combined with extensive verification experiments (Pfreundt et al., 2014). We demonstrated that 
at least 40 % of all promoters active under standard lab culture conditions produce non-protein-
coding RNAs and that these transcripts accumulate in much larger amounts than mRNA. We 
identified the template repeat transcript associated with a diversity generating retroelement and 
demonstrated that this hypermutation-generating system is functional in natural Trichodesmium 
populations (Pfreundt et al., 2014). Based on the determined template repeat sequence, we 
identified 12 different genes that are possibly diversified by this mechanism. Furthermore, we 
demonstrated 17 actively splicing group II introns in 10 different host genes in this unusual 
bacterium (Pfreundt et al., 2014). 
 
Along the same lines, the complete transcriptomes of two Alteromonas mediterranea strains 
isolated from the same environmental sample (AltDE and AltDE1) have been sequenced (RNA-seq) 
by partner 11 (UMH) in order to investigate differing responses between closely related strains to 
different environmental parameters (Kimes et al., 2014). The conditions included two temperatures 
(13 and 25°C), which represent normal temperature extremes in the Mediterranean (winter and 
summer respectively), and two growth media, a commonly used laboratory medium (marine broth 
or nutrient-rich medium), used at both temperatures and a minimal medium with glucose, only at 
25°C. Another condition assayed was starvation, in which cells grown in minimal medium with 
glucose at 25°C were deprived of any carbon source for 48 hours. Using these growth conditions 
(N = 4 for each strain), we sequenced the cDNA of AltDE and AltDE1, resulting in over 50 million 
paired end reads that we were able to map to the AltDE and AltDE1 genomes accordingly. 
 
We identified differentially expressed genes between the conditions analyzed using a cut-off criteria 
of ≥2 fold log increases for up-regulated genes (Figure 1). A general up-regulation of genes across 
the AltDE and AltDE1 genomes at 25°C (over 75% of the total differentially expressed) compared to 
13° was detected (Figure 1). Although AltDE and AltDE1 exhibited similar transcriptional fingerprints 
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for the most part at 25°C, there was a large peak of up-regulation observed that was unique to AltDE 
(Figure 1). Broad scale comparison also shows that the two strains differ in their response to the 
growth medium, with AltDE1 overexpressing many more genes in minimal medium with glucose 
than AltDE (Figure 1). Also in AltDE1, we observed six unique peaks of up-regulation. Three of them 
in nutrient-rich medium correspond to regions encoding ribosomal proteins. In contrast, two peaks 
in the minimal medium with glucose were associated with pilus and antioxidant production, while 
the third peak corresponded to a genomic island (GI-7) encoding a different lambda-like phage in 
each strain. Interestingly, in AltDE1 GI-7 is expressed in both minimal medium with glucose and 
starvation, while the AltDE phage-like region (GI-3) is only expressed under the most severe starving 
condition. 
 
 

 
 
Figure 1.- Fold changes across the genomes of AltDE and AltDE1. Genomic islands (GI) and flexible genomic 
islands (fGI) are plotted in grey bars in both genomes. The temperature plots on the left are comparisons at 
two different temperatures (25°C and 13°C). The growth medium plots on the right are the comparisons 
between rich medium (RM) vs minimal medium with glucose (MMG) at 25°C. In each plot the genes that have 
a fold change of >2 or < −2 are colored red and green respectively. In the temperature panels, red represents 
up regulation at 25°C, while green represents up regulation at 13°C. In the growth medium panels red 
represents up regulation in RM, while green represents up regulation in MMG. Genes in blue are those that do 
not have a fold change of >2/<−2, and are delineated by dashed horizontal lines. A lowness fit of the 
expression values is shown along the genome. The numbers of these genes and the percentage of total genes 
affected are shown in bold in the corner of each plot. Brief descriptions of the islands: fGI-1, Microaerobic 
respiration; fGI-2, Metal resistance/Hydrogenases; fGI-3, ND; fGI-4, Flagellum; fGI-5, Exopolysaccharide; fGI-6, 
O-chain of LPS; fGI-7, Urease/CRISPR cluster; fGI-8, ND; fGI-9, Glycosyltransferases; GI-1, Mercury resistance; 
GI-2, Mercury/Metal resistance; GI-3, Phage; GI-4, ND; GI-5, Nitrate respiration; GI-6, ND; GI-7, Lambda-like 
phage; GI-8, ND; GI-9, ND; GI-10, Mobilizable Genomic Island (MGI). ND, not defined. 
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These data revealed transcriptional changes between all growth conditions examined (e.g., 
temperature and medium) as well as differences between the two A. mediterranea strains within a 
given condition. Most significantly, the differences between AltDE and AltDE1 resulted in different 
adaptation to growth in minimal medium and particularly under starvation. This study also provides 
evidence that these transcriptional differences influence the population dynamics of AltDE/AltDE1 
co-cultures under specific conditions. The apparent advantage of AltDE1 when glucose is the sole 
carbon source disappears in the presence of rich media, suggesting that AltDE displays a higher 
affinity for carbon sources other than glucose and illustrating the complementary capacities 
previously proposed to characterize natural bacterial populations. This highlights the concept that 
the ever increasing diversity observed within closely related groups of microorganisms, often in the 
flexible genomic islands, most likely plays a vital role in the ability of a microbial community as a 
complex mixture of different clonal lineages to adapt to environmental shifts. Additional differences 
were observed between the two strains in the expression of ncRNAs and phage-related genes, as 
well as motility. 
 
This study shows that the genomic diversity observed in closely related strains of A. mediterranea 
from a single environment result in different transcriptional responses to changing environmental 
parameters. This data provides additional support for the idea that greater diversity at the strain 
level of a microbial community could enhance the community’s ability to adapt to environmental 
shifts. 
 
 

Metranscriptomes analyzed 
 

UBO-LUBEM has investigated the subsurface microeukaryotic functions from a 345.50 mbsf depth 
sample collected in the Canterbury basin, off the coast of New Zealand (IODD, Leg 317) using a 
eukaryotic-targeted method to extract, sequence and analyze fungal mRNA. This strategy was 
applied to better understand fungal functions in the deep subseafloor, i.e. their metabolisms, 
resistance to stress and interactions with other microbial communities. A de novo assembly using all 
5,250,985 reads was performed and generated 11,389 contigs with an average length of 1,705 pb. 
930 sequences that were assigned to fungal taxa represented 8% of the eukaryotic communities. 
Gene expression from fungal communities was mainly distributed in metabolic and cellular 
processes, cell and membrane functions and catalytic activity. 
 
In our metatranscriptome sample, cell-division transcripts (cytokinesis) were also retrieved 
indicating still actively dividing fungal cells at 345.50 mbsf (Table 1). Interestingly, fungal transcripts 
involved in mycelium development, ergosterol biosynthesis, filamentous growth and hyphal growth 
were also detected. It clearly indicates an effective fungal growth in deeply buried sediment. Spore 
germination and conidium formation transcripts strongly indicate an effective fungal sporulation. 
Detection of transcripts involved in mycelium formation, fungal cell membrane (ergosterol 
biosynthesis) and sporulation are direct evidence for active fungal growth and sporulation in the 
deep biosphere and clearly indicate that physical and geochemical constraints at 345.50 mbsf are 
not a bottleneck for fungal life. 
 
Table 1: Functions of the fungal transcripts obtained.  
 

    

Growth Resistance Interaction Prophage 

spore germination DNA repair asperthecin metabolic process viral life cycle 

conidium formation response to starvation penicillin metabolic process virion assembly 
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mycelium development response to hypoxia emericellamide metabolic process 
 

filamentous growth 
response to oxidative stress 

response to heat 

siderophore metabolic process 
nonribosomal peptide synthetic 

process 
 

hyphal growth 
cell-division 

 
Ergosterol biosynthesis 

  

 
 
Nine per cent of transcripts were involved in carbohydrate, amino acid and lipid metabolism. Fungal 
expression of transcripts coding mainly for hydrolases, indicates that they degrade a variety of 
organic substrates in deep sub-seafloor sediment. Different fungal transcripts were involved in stress 
tolerance, i.e. starvation, heat, hypoxia, oxidative stress and DNA damage. Such transcripts clearly 
indicate that stress responses occur and represent mechanisms by which fungi are able to cope with 
different kind of stress. 
 
Fungal expression of antibiotic biosynthesis was detected with asperthecin, penicillin, 
emericellamide metabolic process transcripts (Table 1). Fungal expression of siderophores was also 
detected (Table 1). Siderophores could have different activities apart from transport of metals, such 
as antioxidant and antibiotic action (Sebat et al., 2011). Microbial expression of defense mechanisms 
suggests that fungi are able to interact and compete with prokaryotic communities occurring in the 
deep subseafloor. The detection of fungal transcripts involved in secondary metabolite biosynthetic 
process, as nonribosomal peptide biosynthetic process, clearly supports such conclusion. 
 
Based on their contribution to the Deliverables D6.4 and D6.5, Partner 22 RIBO has provided 
bioinformatics infrastructure and expertise in genome and metatranscriptome data analysis related 
to Deliverables D6.9 by supporting other MaCuMBA partners (within and also outside of WP6). In 
particular, close collaboration has been carried out with Partner 1 NIOZ as outlined below, also 
including visits at partner Ribocon for training and joined data mining in the context of both projects.  
 
Within the project with Partner 1 NIOZ (contact: Henk Bolhuis, Christine Hörnlein) microbial mats 
from the island Schiermonnikoog were sampled by partner NIOZ with special interest on 
Cyanobacteria, the only prokaryotes with a circadian clock. To address the question if Cyanobacteria 
impose their metabolic rhythm on the rest of the microbial mat community, five 
metatranscriptomes of these microbial mats from different times during the day (night, day) were 
mapped by partner RIBO against a customized database of Cyanobacteria. Further support was 
provided in the context of related genome/metagenome analysis. 
 
Partner 18 (UF) has finished several complex metatranscriptome datasets with samples from the SW 
Pacific and the Red Sea (Table 2) with the aim to identify the most actively expressed genes in situ. 
These datasets were generated from samples obtained during several cruises to the Red Sea, which 
were performed in collaboration with groups in Israel (Debbie Lindell from the Haifa Institute of 
Technology or Ilana Berman-Frank from the Bar-Ilan University in Ramat Gan). These datasets have 
been published (Pfreundt et al., 2014; Steglich et al., 2014). 16S rRNA gene pyrotag sequencing of 
samples obtained during winter (deep mixing conditions) showed clearly dominant 
alphaproteobacterial and euryarchaeal populations, followed by Gammaproteobacteria, 
Bacteroidetes, Actinobacteria, picoeukaryotic algae, and cyanobacteria ranking on position 10. In 
contrast, transcriptome reads were mainly recruited by cyanobacteria and euryarchaea. The 
majority of transcriptome reads that represented cyanobacteria could be mapped to clade II marine 
Synechococcus, which are typical for oligotrophic tropical or subtropical waters. This analysis 
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revealed photosynthetic and ribosomal protein genes to dominate the fraction of most actively 
expressed genes and the activity of more than 1,000 active promoters after mapped to the genome 
sequence of the laboratory isolate Synechococcus sp. CC9605. Actively expressed genes in 
alphaproteobacteria were mainly connected to transport functions and revealed strong expression 
of the glycine riboswitch linked to the malate synthase gene in situ. Transcriptome reads mapping to 
Archaea recruited in their vast majority contig sequences representing uncultured Group II and III 
Euryarchaeota and Thaumarchaeota, recently described in deep Mediterranean waters (Martin-
Cuadrado et al., 2015). Most strongly expressed genes encode archaeal flagellin, the periplasmic 
substrate-binding protein LivK of the branched amino acid transporter family, enzymes in the 
metabolism of co-factors such as pyridoxal or the degradation of aromatic compounds such as 
benzoyl-CoA oxygenase (BoxB), as well as several proteins that belong to the class of intrinsically 
disordered proteins. For Thaumarchaeota, we found very strong activity of genes related to nitrogen 
metabolism, including all four subunits of ammonia monooxygenase, ammonia permease and for 
several hypothetical proteins. The finding of these strongly expressed genes underlines their 
putatively important role in situ.  
 
Furthermore, a substantial number of metatranscriptomes were generated by Partner 18 (UF) from 
samples taken during the VAHINE project led by Sophie Bonnet (IRD/MIO Noumea/Marseille). The 
aim of this project is to study the fate of fixed nitrogen in the oceanic pelagic food web and its 
potential impact on carbon export that took place in the South West Pacific (New Caledonia) in 
January - February 2013. We generated 17 metatranscriptomes from mesocosm samples and 14 
metatranscriptomes from the surrounding open waters (Table 2). Using different approaches to 
enrich the fraction of non-ribosomal RNA we obtained between 6 and 44 million paired-end reads 
(corresponding to 8% to 90% of all reads after QC) representing non-ribosomal transcripts.  
 
 
 
Table 2. Metatranscriptome datasets from the SW Pacific (SWP) and the Red Sea, Gulf of Aqaba 
(RS) finished by Partner 18 (UF). Given is the sampling location (site), depth (D), relevant notes, the 
number of raw reads, after adapter cut-off and quality trimming (clean reads), after removal of rRNA 
reads (after SortMeRNA) and the percentage of non-ribosomal reads as the share of the total of 
clean reads.  
 

Site D Notes Raw reads 
paired-end 

Clean reads  After SortMeRNA % of total 
clean 
reads 

SWP 1m open water 35.148.378 34.596.452 non-rRNA 14.987.262 43.32 

     rRNA 19.609.190 56.68 

SWP 1m mesocosm 32.713.062 32.222.140 non-rRNA 16.351.716 50.75 

     rRNA 15.870.424 49.25 

SWP 1m open water 35.779.130 35.490.270 non-rRNA 16.241.678 45.76 

     rRNA 19.248.592 54.24 

SWP 1m mesocosm 38.212.290 37.664.284 non-rRNA 15.916.024 42.26 

     rRNA 21.748.260 57.74 

SWP 1m open water 31.825.942 29.702.204 non-rRNA 11.715.550 39.44 

     rRNA 17.986.654 60.56 

SWP 1m mesocosm 35.699.316 35.327.878 non-rRNA 12.141.274 34.37 

     rRNA 23.186.604 65.63 

SWP 1m open water 39.971.192 39.698.388 non-rRNA 13.658.700 34.41 
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     rRNA 26.039.688 65.59 

SWP 1m mesocosm 27.496.790 26.410.140 non-rRNA 10.675.028 40.42 

     rRNA 15.735.112 59.58 

SWP 1m open water 34.202.502 33.459.702 non-rRNA 11.064.186 33.07 

     rRNA 22.395.516 66.93 

SWP 1m mesocosm 48.713.306 47.321.888 non-rRNA 15.110.994 31.93 

     rRNA 32.210.894 68.07 

SWP 1m open water 29.621.010 28.742.396 non-rRNA 11.347.876 39.48 

     rRNA 17.394.520 60.52 

SWP 1m mesocosm 33.625.624 32.390.036 non-rRNA 16.079.410 49.64 

     rRNA 16.310.626 50.36 

SWP 1m open water 38.464.286 37.135.004 non-rRNA 13.487.272 31.23 

     rRNA 29.694.696 68.77 

SWP 1m mesocosm 39.054.750 37.572.244 non-rRNA 17.792.630 47.36 

     rRNA 19.779.614 52.64 

SWP 1m open water 31.549.342 30.895.300 non-rRNA 13.075.480 42.32 

     rRNA 17.819.820 57.68 

SWP 1m mesocosm 27.919.652 26.742.110 non-rRNA 12.395.944 46.35 

     rRNA 14.346.166 53.65 

SWP 1m open water 17.375.222 17.211.052 non-rRNA 6.146.562 35.71 

     rRNA 11.064.490 64.29 

SWP 1m mesocosm 40.194.110 39.163.360 non-rRNA 13.439.668 34.32 

     rRNA 25.723.692 65.68 

SWP 1m open water 42.043.100 40.925.122 non-rRNA 14.885.304 36.37 

     rRNA 26.039.818 63.63 

SWP 1m mesocosm 41.030.468 40.591.928 non-rRNA 22.823.120 56.23 

     rRNA 17.768.808 43.77 

SWP 1m open water 41.654.858 41.221.882 non-rRNA 12.386.340 30.05 

     rRNA 28.835.542 69.95 

SWP 1m mesocosm 42.330.064 41.489.286 non-rRNA 18.322.834 44.16 

          rRNA 23.166.452 55.84 

SWP 1m mesocosm. 
diel cycle 

105.032.596 103.192.378 non-rRNA 7.970.984 7.72 

     rRNA 95.221.394 92.28 

SWP 1m mesocosm. 
diel cycle 

141.772.496 139.242.498 non-rRNA 14.237.058 10.22 

     rRNA 125.005.440 89.78 

SWP 1m mesocosm. 
diel cycle 

111.007.100 109.199.396 non-rRNA 11.444.446 10.48 

     rRNA 97.754.950 89.52 

SWP 1m mesocosm. 
diel cycle 

133.979.388 131.883.690 non-rRNA 13.384.246 10.15 

     rRNA 118.499.444 89.85 

SWP 1m mesocosm. 
diel cycle 

134.906.066 132.490.506 non-rRNA 11.489.372 8.67 

     rRNA 121.001.134 91.33 

SWP 1m mesocosm. 129.638.988 127.676.682 non-rRNA 13.882.828 10.87 
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diel cycle 

          rRNA 113.793.854 89.13 

SWP 1m open water 
Trichodesmium 
bloom 

59.455.978 59.032.580 non-rRNA 18.920.678 32.05 

     rRNA 40.111.902 67.95 

SWP 1m open water 
Trichodesmium 
bloom. in 
demise 

79.614.974 77.978.224 non-rRNA 44.814.388 57.47 

     rRNA 33.163.836 42.53 

SWP 1m open water 
Trichodesmium 
bloom. in 
demise 

41.149.014 40.905.530 non-rRNA 37.100.500 90.70 

          rRNA 3.805.030 9.30 

RS  10m Station A 42.693.312 41.887.440 non-rRNA 33.334.438 79.58 

     rRNA 8.553.002 20.42 

RS  85m Station A 35.826.682 35.428.868 non-rRNA 30.162.222 85.13 

     rRNA 5.266.646 14.87 

RS 500m Station A 45.459.146 45.056.678 non-rRNA 41.223.052 91.49 

     rRNA 3.833.626 8.51 
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