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ABSTRACT10

Diatoms are key members of the oceanic phytoplankton and major contributors to global marine primary production and
biogeochemical cycles. The family Thalassiosiraceae is a successful and diverse diatom group, which dominates in particular
in coastal water. Despite recent ’omic’ efforts dedicated to diatoms, more reference sequence data are needed to elucidate
the molecular mechanisms that enable their success in a wide range of environments. We present ten transcriptomes from
species belonging to the genera Thalassiosira and Minidiscus isolated from the English Channel and the Western Antarctic
Peninsula. We describe the assembly process, quality evaluation, annotation procedure, and gene expression analysis. The
data generated are of high quality, with good assembly and annotation metrics. Similarity analysis shows a clear separation
according to environment and species. These data will be of high interest for phytoplankton genomic researchers since it
includes the first transcriptomes from Thalassiosiraceae strains isolated from Antarctic waters and the first ones for species of
the genus Minidiscus.
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Background & Summary19

Diatoms are unicellular photosynthetic eukaryotes and key members of phytoplankton in all oceans and aquatic systems. They20

contribute to 20% of the global annual marine primary production1 and take part in major marine biogeochemical cycles21

including those of carbon2, silicate3, nitrogen4, 5 and phosphorus6. Thalassiosiraceae are one of the most studied and diverse22

diatom family. They are recognized by their distinctive morphological features: valves with radial symmetry, absence of a raphe23

system and elaborated frustule ornamentation7. Thalassiosiraceae inhabit brackish, nearshore and open-ocean environments.24

Within this family, the genera Thalassiosira and Minidiscus make important contribution to the carbon export in various coastal25

and offshore oceanic regions8. They are major components of summer blooms in Antarctic coastal and oceanic waters, where26

they can be responsible for up to 90% of primary production when blooms occur9, 10.27

‘Omics’ approaches has been widely applied in diatom research, providing a better understanding of diatom evolution and28

ecology11–18. However, for many environments and many diatom species, including Thalassiosira and Minidiscus, genomic29



and transcriptomic data remains scarce. Currently, complete genomes are only available for Thalasiossira pseudonana11 and30

Thalasiossira oceanica15, both isolated from the North Atlantic ocean. In addition, 65 transcriptome projects corresponding to 1531

species of Thalassiosiraceae are available in the Marine Microbial Eukaryote Transcriptome Sequencing Project (MMETSP)16.32

In this study, we present transcriptome data for ten diatoms strains, belonging to the genera Thalassiosira and Minidiscus33

isolated from two contrasting coastal environments, the temperate English Channel and the cold Antarctic West Peninsula.34

These data will enrich the sequence information from polar diatoms, as well as the functional roles of diatoms from the35

Thalassiosiraceae family.36

Methods37

Culture conditions and RNA extraction38

Minidiscus spp. (RCC4590, RCC4582 and RCC4584), Thalassiosira spp. (RCC4219 and RCC4606) and Thalassiosira minima39

(RCC4583 and RCC4593) were isolated in January 2015 from Fildes Bay, King George Island, Western Antarctic Peninsula.40

Minidiscus spinulatus (RCC4659), Minidiscus variabilis (RCC4665) and Minidiscus comicus (RCC4660) were isolated from41

the English Channel (Northern Atlantic) (Table 1). All strains were obtained from the Roscoff Culture Collection (RCC,42

www.roscoff-culture-collection.org).43

Experimental design and analysis strategy are presented in Figure 1. Cells were grown in T175 cell culture flasks using L144

growth medium19. Strains from the English Channel were grown at 20ºC and Antarctic strains at 4ºC. Cultures were exposed to45

a 12:12h light:dark photoperiod with a mean light intensity of 100 µmol photons m-2 s-1. The growth of cultures was monitored46

daily using an Accuri C6 flow cytometer (Beckton Dickinson). To maximize the diversity of transcripts obtained, samples47

for RNA extraction were taken at four different times during the cell growth: mid-exponential at day and night and early48

stationary at day and night. These four samples were combined for sequencing. . Two days before extraction, cultures were49

treated with Penicillin, Neomycin and Streptomycin (PNS) mixture of antibiotics at 1X (Thermo Fisher Scientific) in order to50

decrease bacterial growth. A total of 1x108 cells were filtered onto 0.8 µm polycarbonate filters (Sigma Aldrich), flash frozen in51

liquid nitrogen and stored at -80 ºC. The frozen filters were processed using a TRIzol - PureLinkRNA Mini Kit (Invitrogen)52

hybrid extraction protocol20. RNA samples were treated with Turbo DNA-free kit (Thermo Fisher Scientific), according to53

the manufacturer rigorous DNase treatment protocol for removal of genomic DNA from RNA samples. Two aliquots of 3µl54

were separated for quantification and quality control, and the remaining material was flash frozen and stored at -80ºC. RNA55

concentration was measured using the Qubit RNA BR Assay Kit in a Qubit 2.0 Fluorometer (Life Technologies). RNA integrity56

was evaluated using the RNA Nano 6000 Assay Kit on the Agilent Bioanalyzer 2100 system (Agilent Technologies). For check57

for genomic DNA contamination, we amplified the 18S rRNA gene, using the eukaryotic primers Euk 63F and 1818R21 with58

the following PCR conditions: denaturation at 98° for 5 min; 25 cycles of 98° for 20 s, 52° for 30 s, 72° for 90 s; and 72°59

for 5 min. Two µl of each PCR product were loaded on a 1% agarose gel with 2 µL of SYBR Safe dye (Molecular Probes,60

Eugene) and ran at 100 V for 30 min. RNA samples with high quality, no contamination detected and a RIN value > 6, were61
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selected for sequencing. For each diatom species, RNA material obtained from the four different times during the cell growth62

as described above (mid-exponential day, mid-exponential night, early stationary day and early stationary night) was merged at63

equimolarity. Merged samples were sent for sequencing at the INRA sequencing platform GeT-PlaGe in Toulouse, France64

(http://get.genotoul.fr/la-plateforme/get-plage/). Merged samples were quantified and their quality checked using the NanoDrop65

spectrophotometer (Thermo Scientific) and the 5400 Fragment Analyzer system (Agilent Thechnologies). Poly A selection was66

carried out for the selection of mRNA prior to library construction (Figure 1), using the Illumina TruSeq Stranded mRNA kit.67

Sequencing was performed on an Illumina HiSeq 3000 instrument to generate about 30,000,000 pair-end reads per sample68

(Table 1).69

Quality control, digital normalization and assembly of transcriptomes70

Read quality was analyzed with FastQC (v0.11.5)22 before and after trimming. A conservative trimming approach23 was used71

with Trimmomatic (version 0.33)24 to remove residual Illumina adapters and nucleotides off the start and end of reads if they72

were below a given threshold Phred quality score (Q < 25).73

To decrease the memory requirements for each assembly, we applied a digital normalization using the Eel Pond mRNAseq74

Protocol (https://github.com/dib-lab/eel-pond) with the khmer25 software package (v2.0) prior to assembly.75

First, reads were interleaved, normalized to a k-mer coverage of 20 and a memory size of 49. Low-abundance k-mers from reads76

with a coverage above 18 were trimmed. Digital normalization approach with khmer uses the same algorithm implemented in77

Trinity, but requires less memory and accelerates the assembly stage (Figure 1).78

Transcriptomes were assembled using two strategies. We tested Trinity 2.2.026 and rnaSPAdes 3.14.127 using default79

parameters (Table 2). We chose the optimal strategy based on the complementarity of the following quality parameters: contig80

N50 size, completeness based on the percentage of single-copy orthologs, and score given by Transrate (Figure 1).81

de novo assembly evaluation and annotation82

The coding capacity of the assemblies was evaluated first using BUSCO (Benchmarking Universal Single-Copy Orthologs)83

V4.128. BUSCO scores are calculated based on the presence of 303 Eukarya specific genes. To further confirm the quality of84

produced assemblies, scores were calculated by re-mapping the input reads against assembly using Transrate V 1.0 (Figure 1).85

Transrate provides reference-free quality assessment for de novo transcriptomes with a score value based on the evaluation86

of chimeras, structural errors, incomplete assembly, and base errors. After the selection of the best assembly strategy,87

open reading frames (ORFs) were identified with default parameters using Transdecoder v5.5.0 (https://github.com/88

TransDecoder).89

The annotation was carried out using 4 different annotation software tools: Diamond blastp option against Unip-90

Prot/SwissProt29, hmmscan V3.3.2 (http://hmmer.org/) against Pfam-A release 33.130, TmHMM V2.0c31 and SignalP91

V5.032. Results obtained were loaded and merged using Trinotate v3.2.1 (https://github.com/Trinotate). In order92

to extend the annotation of predicted ORFs we incorporated annotations of orthologous genes using the eggNOG-mapper tool33
93
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and enriched functional annotations by incorporation of the results from the Mercator web-based annotation pipeline34 and94

the dammit annotation tool (https://github.com/dib-lab/dammit). For each ORF, all generated annotations were95

compared and better annotation terms were added to the existing ones (Figure 1). For the cases with more than one hit, one96

gene name per contig was selected according to the lowest e-value match ( < 1e−05).97

Gene expression analysis98

Orthologous genes were analysed with DESeq2 R package35. The matrix of gene expression counts was ’regularized log’99

transformed and used for hierarchical clustering based on pairwise sample distances (Figure 3). The similarity of the different100

transcriptomes was evaluated by Principal Component Analysis (PCoA) performed with the Scikit-learn (version 0.24.0) Python101

library. Data visualization was carried out using the matplotlib (version 3.3.4) and seaborn (version 0.11.1) Python libraries.102

Data Records103

Raw sequencing reads are available at NCBI under SRA accessions SRR13846805 - SRR13846814 (BioProject PRJNA706094).104

In addition, assemblies, peptide translation and annotation data are available from Zenodo36–38.105

Technical Validation106

RNA integrity107

RNA integrity was first assessed by automated electrophoresis to evaluate OD ratios. Degradation was minimum with observed108

260/280 OD ratios larger than 1.9 in all samples. Amplification of the 18S rRNA gene and visualization in agarose gel109

electrophoresis confirmed that no contamination due to genomic DNA was present in the RNA samples. RNA integrity number110

(RIN) ranged from 5.2 to 6.6 (Table 1).111

Quality validation and assembly112

More than 25 millions of 150 bp paired-end Illumina reads were obtained from each of the 10 cDNA libraries (Table 1).113

Sequences with low quality( < 25) and containing adapters were removed. Between 95,6% to 97.1% of sequences passed the114

evaluation and were considered of high quality for further analysis (Figure 2). The per base quality scores were high, and most115

sequence quality scores were > 20 (Figure 2a and 2b). The GC content is normally distributed (Figure 2c) with a mean of116

45.4%. The smooth distribution observed is in general indicative of the absence of specific contaminant as adapter dimers or117

other bias produced during library construction.118

Assemblies using Trinity and Spades contained more than 40,000 contigs each. We selected the method implemented in119

Trinity as the best assembly strategy applied to filtered and normalized raw reads (Table 2). Trinity produced the longest and120

more contiguous transcriptome assembly with the highest Transrate score. Trinity assemblies contained a high number of121

complete BUSCO genes. Post assembly analyses showed that between 16 and 19% of the total BUSCO genes were missing.122

Distance heatmap (Figure 3) and PCA (Figure 3b) of gene profiles from the 10 Thalassiosiraceae transcriptomes revealed123
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that they clustered primarily according to the genus (Thalassiosira vs. Minidiscus) and secondarily according to the environment124

from which the strains had been isolated and. Samples from Antarctic waters clustered into two separate groups: Minidiscus125

spp. from Antarctica vs. English Channel.126

Annotation127

Annotation of predicted ORFs was performed with 4 different methodologies (Table 3). dammit was the annotation tool with128

the highest percentage of annotated ORFs which results from the fact that dammit uses several reference databases: Pfam-A129

(version 28.0), Rfam (version 12.1), OrthoDB (version 8), and BUSCO (version 4). The percentage of annotated genes was130

lower for strains from the Antarctic environment, which could be due to the lack of genomic and transcriptomic data from131

Antarctica in the public databases compared to temperate waters.132

Code availability133

The commands, tools and versions used to analyse the transcriptomic data are available at: https://github.com/134

MariIGM/Thalassisiraceae-transcriptomes-project-ThTSP135
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Figures & Tables233

Table 1. Description of samples for the obtention of Thalassiosiraceae transcriptomes.

Sample ID Species Origin Strain RIN
RNA

concentration
(ng/µl)

Raw reads
* 106

ThTSP-01 Minidiscus spinulatus English Channel RCC4659 6.6 145.5 31,6
ThTSP-02 Minidiscus variabilis English channel RCC4665 6.8 61.69 26,1
ThTSP-03 Minidiscus comicus English Channel RCC4660 5.5 114.3 31,1
ThTSP-04 Thalasiosira sp. Western Antarctic Peninsula RCC4219 5.5 197.0 24,4
ThTSP-05 Thalassiosira minima Western Antarctic Peninsula RCC4593 5.2 143.2 43,2
ThTSP-06 Minidiscus sp. Western Antarctic Peninsula RCC4590 6.5 224.3 40,3
ThTSP-07 Minidiscus sp. Western Antarctic Peninsula RCC4582 6.0 123.4 28,6
ThTSP-08 Thalasiosira sp. Western Antarctic Peninsula RCC4606 5.4 366.8 27,3
ThTSP-09 Thalassiosira minima Western Antarctic Peninsula RCC4583 5.3 166.6 30,3
ThTSP-10 Minidiscus sp. Western Antarctic Peninsula RCC4584 6.2 93.24 36,4
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Table 2. Summary of assembly statistics. C* Complete BUSCO eukarya genes F** Fragmented BUSCO eukarya genes M***
Missing BUSCO eukarya genes.

Sample
ID Assembler Length

Mbp
Number of
transcript N50 Transrate

score

Transrate
optimal

score

C*
BUSCO

genes

F**
BUSCO

genes

M***
BUSCO

genes

ThTSP-01 rnaSPAdes
Trinity

63.81
114.88

44,010
65,297

2,354
2,979

0.26
0.18

0.4
0.43

156
192

44
18

55
45

ThTSP-02 rnaSPAdes
Trinity

72.2
113.41

48,173
60715

2,132
3,048

0.27
0.6

0.37
0.2

163
196

34
14

58
45

ThTSP-03 rnaSPAdes
Trinity

47.9
73.4

35,253
40,455

2,114
3,002

0.32
0.36

0.50
0.51

176
197

32
16

47
42

ThTSP-04 rnaSPAdes
Trinity

50.8
90.9

31,288
44779

2,477
3,007

0.37
0.38

0.60
0.53

179
193

26
19

50
43

ThTSP-05 rnaSPAdes
Trinity

57.5
113.4

31,161
47,415

2,717
3,403

0.35
0.02

0.47
0.11

169
197

31
16

55
42

ThTSP-06 rnaSPAdes
Trinity

65.7
130.0

41,560
65,166

2,664
3,572

0.29
0.01

0.50
0.10

168
195

28
17

59
43

ThTSP-07 rnaSPAdes
Trinity

63.6
119.5

38,120
59,494

2,812
3,626

0.29
0.24

0.51
0.52

169
193

27
16

59
46

ThTSP-08 rnaSPAdes
Trinity

54.9
100.4

33,381
46,134

2,584
3,251

0.32
0.35

0.51
0.54

169
195

31
14

55
46

ThTSP-09 rnaSPAdes
Trinity

58.1
107.6

39,246
51,331

2,513
3,265

0.31
0.40

0.55
0.58

171
197

27
17

57
41

ThTSP-10 rnaSPAdes
Trinity

59.0
114.3

31,376
55,285

2,812
3,516

0.16
0.02

0.28
0.11

175
191

24
16

56
48

Table 3. Comparison of the different annotation strategies used. Values represent the percentage of predicted ORFs annotated
using four different annotation tools: Trinotate, eggNOG-mapper, Mercator and dammit.

Number of predicted
ORFs

Trinotate
%

eggNOG-mapper
%

Mercator
%

dammit
%

Total
number of annotated

ORFs

ThTSP-01 72,214 65.8 52.4 65.8 88.5 63,915
ThTSP-02 68,119 70.1 54,9 70.1 89.1 60,715
ThTSP-03 46,249 70.7 53.4 69.2 87.4 40,455
ThTSP-04 53,423 68.9 55.04 68.9 83.8 44,779
ThTSP-05 64,811 62.6 51,4 62.6 73.1 47,415
ThTSP-06 78,207 60.7 48.1 60.7 83.3 65,166
ThTSP-07 70,763 60.7 47.7 60.8 84.1 59,494
ThTSP-08 57,128 66.1 54.11 66.1 80.8 46,134
ThTSP-09 61,472 65.9 53.4 65.9 83.5 51,331
ThTSP-10 67,387 61.8 48.3 61.9 82.0 55,285
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Figure 1. Flowchart of the experimental design and data processing pipeline for the construction and analyses of
transcriptomes from Thalassiosiraceae strains. Cultures were exposed to normal growth conditions. To increase the gene
repertoire obtained, RNA was extracted at four different times of the growth curve. Two distinct assembly methods were tested
and the better assembly according to quality parameters was selected.
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Figure 2. Quality parameters after the RNA sequencing procedure. (a) Mean quality scores for all samples. (b) Per sequence
quality scores. (c) GC content.
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Figure 3. Analysis of transcriptome similarity. a) Hierarchical clustering analysis and heatmap based on euclidean distances
between normalized gene count. b) Principal component analysis (PCA) between transcriptomes using normalized gene count.
EC, English Channel and ANT, Antarctica.
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