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Abstract
In this study we describe the de novo assembled head kidney transcriptome of the Antarctic notothenioid fish Trematomus bernacchii, an important model species for biochemical, environmental and immunological studies. RNA-seq data was generated using Illumina paired-end sequencing, obtaining ~7 Gbp of sequence data, which were assembled into 96,641 contigs and annotated with the Trinotate pipeline. Since this sequence collection is expected to contain a relevant number of immunity-related transcripts, it will be used as a reference for future immunological studies in this species.
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1. Introduction
Antarctic fish species have faced peculiar metabolic and physiological challenges to survive in their aquatic environment, where temperature can reach values as low as −1.8 °C (Eastman, 2005; Peck et al., 2004). Interesting physiological adaptations are found in such fishes, like the presence of anti-freeze glycoproteins in body fluids allowing them to survive at subzero temperatures, enzymes and cell membrane adaptations (Eastman, 2005; Gon and Heemstra, 1990). The suborder Notothenioidei, order Perciformes, is endemic to Antarctica and it represents the most abundant group of fish species present in this territory. Among them, the emerald rockcod Trematomus bernacchii, due to its abundance and ease of collection, is a preferred target species for laboratory studies, which have evidenced peculiar aspects compared to other Teleosts living in temperate waters (Coscia et al., 2000, 2014; Di Bello et al., 2007; Hofmann et al., 2000; Scapigliati et al., 1997). In this paper, we describe the de novo assembly and annotation of the T. bernacchii head kidney transcriptome, which we compared to the data available from a previous 454 sequencing-based study (Huth and Place, 2013).

2. Data description
T. bernacchii specimen were collected with nets, in January–February during the 2009 Antarctic campaign, at a depth of 120 m, close to the Italian Mario Zucchelli Antarctic Base (Ross Sea 74° 41′ 42′′ S, 164° 07′ 23′′ E). After collection, the fishes were immediately placed in tanks, transported to aquaria and kept in running sea water. Fishes were anaesthetized with 1 mgml−1 tricainemethanesulphonate (Sigma) and then sacrificed. Blood was carefully drained from the caudal vein with a syringe. Head kidney from a single juvenile fish with no evident developed gonads, approximately 16 cm long and weighting around 90 g, was removed and disrupted by teasing through cell strainers (100 μl) in cold HBSS medium (Gibco). Total RNA was extracted from the obtained head kidney cells with Tripure (Roche) following the manufacturer's instructions. RNA quality and concentration were determined with an agarose gel and a Picodrop Spectrophotometer (Picodrop Ltd. UK), respectively. Extracted total RNA was subjected to poly-A selection and a cDNA library was constructed using a TruSeq RNA sample prep kit (Illumina Inc., SanDiego, CA). RNA-seq was performed on a single lane of an Illumina HiSeq 2000 platform (Illumina Inc., San Diego, CA) at the Institute for Applied Genomics (Udine, Italy), using a 100 cycles paired-end sequencing strategy. The raw sequencing output, consisting of 70,525,666 reads was imported into the CLC Genomics Workbench 7.5 environment (CLC Bio Aarhus, Denmark) and trimmed (using a base caller quality threshold of 0.05 and reads shorter than 70 nucleotides were discarded). The de novo transcriptome assembly was performed with Trinity r20140717 (Grabherr et al., 2011), setting the minimum allowed contig length to 201 nucleotides and all the other parameters to the default settings. The assembly process generated 96,641 contigs with a mean length of 1209 nt and a N50 value of 2485. Trinity assigned these contigs to 54,429 unique gene models, with about 42.5% of the sequences accounting for alternatively spliced isoforms or paralogous gene products. The assembly procedure was particularly efficient in the generation of full-length transcripts, as we obtained 3000 contigs
longer than 5 Kbs, with the longest one being 25,799 nt. Overall 86.13% of the reads could be mapped to the de novo assembled transcriptome (Table 1).
Contigs were annotated using the Trinotate r20140708 pipeline. In brief, contigs were first analyzed with TransDecoder, which generated protein predictions longer than 100 amino acids from 36,902 contigs. In silico translated protein sequences were queried using BLASTp (Altschul et al., 1990) against the UniProtKB/Swiss-Prot database with an e-value threshold of 1 × 10−5, obtaining 36,140 positive matches. Proteins were also scanned with HMMER 3.1b1 (http://hmmer.org/) for the presence of conserved domains (with an e-value threshold of 1 × 10−5), which were found in 31,926 virtual translations. BLAST and PFAM positive hits were used to retrieve Gene Ontology terms, which were assigned to 31,462 contigs.
The T. bernacchii transcriptome has been analyzed for the first time with NGS-technologies in a study by Huth and Place (2013). The authors, however, used a 454 sequencing strategy, which has also been used in previous comparative studies (Shin et al., 2012), with a rather low sequencing throughput compared to our Illumina approach. Indeed the total sequencing output of this study was 412 Mbases,
whereas the total sequencing output we obtained was about 17 times higher (~7 Gbp). To assess the overlap between our newly assembled transcriptome and the previously available data, we mapped 454 sequencing reads to our assembled contigs (length and similarity fraction parameters were set to 0.5 and 0.9, respectively, in the CLC Genomics Workbench RNA-seq mapping tool), with about 50% positive matches (Fig. 1). A BLASTn comparison between the two de novo assembled transcriptomes (e-value and identity thresholds were set at 1 × 10−10 and 90%, respectively), confirmed that only ~28% of the gene models obtained in this study were sequenced in the previous 454 effort. On the other hand, the resource provided by Huth and Place remains an important resource for sequences in gill-, brain- and liver-specific sequences which are not expressed in the head kidney.
Although the genome size of most notothenioid fishes has recently permitted the complete sequencing of Notothenia coriiceps (Shin et al., 2014), to date only a single other Illumina-based transcriptome is available for a notothenioid fish, Pagothenia borchgrevinki (Bilyk and Cheng, 2013). Overall, the T. bernacchii transcriptome we obtained represents a significant advance in respect with the genomic data available for this species. Moreover, we selected a tissue that is fundamental for the fish immune system (Bilen et al., 2014), and which is a source of diverse cell effector types and of haematopoietic stem cells in teleosts (Kobayashi et al., 2006), thus being particularly useful for the discovery of new immune relevant genes (Table 2). Raw sequencing data related to this transctiptome have been deposited at the NCBI Sequence Read Archive database under the SRP048867 study accession ID. This Transcriptome Shotgun Assembly project has been deposited at DDBJ/EMBL/GenBank under the accession GBXS00000000. The version described in this paper is the first one, GBXS01000000.
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Figure captions
Fig. 1. Comparison between the de novo assembled transcriptome provided in this study and the 454 RNA-seq data previously available for Trematomus bernacchii (Huth and Place, 2013). The Venn diagram summarizes the number of the de novo assembled head kidney contigs provided in this study which found at least one matching read in the brain, liver and gill 454 sequencing runs.


Table 1, Sequencing, de novo assembly and annotation statistics.
______________________________________________________________________
Number of paired-end reads 						70,525,666
Total sequencing output 						6.96 Gb
Number of assembled contigs 					96,641
Number of predicted gene models 					54,429
Average contig length 						1209
N50 									2485
Maximum contig length 						25,799
Mapping rate 								86.13%
Contigs with a TransDecoder prediction 				36,902
Contigs with BLASTp matches in UniprotKB/Swiss-Prot 		36,140
Contigs with PFAM domains 					31,926
Contigs with Gene Ontology terms (total) 				31,462
Contigs with Gene Ontology terms (cellular component) 		29,151
Contigs with Gene Ontology terms (molecular function) 		26,220
Contigs with Gene Ontology terms (biological process)		26,189
_____________________________________________________________________














Table 2. List of the major Gene Ontology biological processes relevant for immunity and number of
corresponding annotated contigs in the T. bernacchii transcriptome.

_____________________________________________________________________
GO category 			Description 				Annotated contigs
_____________________________________________________________________
GO:0045087 Innate immune response 971
GO:0006954 Inflammatory response 428
GO:0006955 Immune response 403
GO:0051607 Defense response to virus 283
GO:0051092 Positive regulation of NF-kappaB transcription
factor activity

269
GO:0019221 Cytokine-mediated signaling pathway 242
GO:0006950 Response to stress 210
GO:0007179 Transforming growth factor beta receptor
signaling pathway

191
GO:0002376 Immune system process 150
GO:0050852 T cell receptor signaling pathway 140
GO:0032088 Negative regulation of NF-kappaB transcription
factor activity

139
GO:0002224 Toll-like receptor signaling pathway 136
GO:0050727 Regulation of inflammatory response 120
GO:0042742 Defense response to bacterium 117
GO:0034138 Toll-like receptor 3 signaling pathway 106
GO:0034142 Toll-like receptor 4 signaling pathway 102
GO:0030183 B cell differentiation 97
GO:0042110 T cell activation 94
GO:0050900 Leukocyte migration 93
GO:0031295 T cell costimulation 87
GO:0050728 Negative regulation of inflammatory response 85
GO:0035666 TRIF-dependent toll-like receptor signaling pathway 76
GO:0030890 Positive regulation of b cell proliferation 73
GO:0034097 Response to cytokine 70
GO:0050862 Positive regulation of T cell receptor signaling pathway 65
GO:0050853 B cell receptor signaling pathway 64
GO:0060333 Interferon-gamma-mediated signaling pathway 63
GO:0042102 Positive regulation of T cell proliferation 63
GO:0032722 Positive regulation of chemokine production 63
GO:0070102 Interleukin-6-mediated signaling pathway 61
GO:0030217 T cell differentiation 60
GO:0002755 MyD88-dependent toll-like receptor signaling pathway 60
GO:0042113 B cell activation 58
GO:0033089 Positive regulation of T cell differentiation in thymus 58
GO:0032755 Positive regulation of interleukin-6 production 57
GO:0032743 positive regulation of interleukin-2 production 57
GO:0050718 Positive regulation of interleukin-1 beta secretion 56
GO:0045088 Regulation of innate immune response 55
GO:0002474 Antigen processing and presentation of peptide antigen
via MHC class I

55
GO:0045086 Positive regulation of interleukin-2 biosynthetic
process

51
GO:0007259 JAK-STAT cascade 51
GO:0038061 NIK/NF-kappaB signaling 50
