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ABSTRACT 23 

The emergence of pathogens represents substantial threats to public health, livestock, 24 

domesticated animals, and biodiversity. How wild populations respond to emerging pathogens 25 

has generated a lot of interest in the last two decades. With the recent advent of high-26 

throughput sequencing technologies it is now possible to develop large transcriptomic 27 

resources for non-model organisms, hence allowing new research avenues on the immune 28 

responses of hosts from a large taxonomic spectra. We here focused on a wild population of 29 

the rostrum dace (Leuciscus burdigalensis) that is infected by Tracheliastes polycolpus, an 30 

emerging freshwater ectoparasite copepod. We used next generation Illumina sequencing 31 

technology to sequence the transcriptome of eight L. burdigalensis adult individuals collected 32 

in natura from the same sampling site. Four individuals were non-infected and four 33 

individuals were infected by T. polycolpus. We specifically focused on the spleen, the head 34 

kidney and epithelial cells and mucus from the fins, three tissues known to be involved in the 35 

immune response of fish. We used the Trinity methodology to reconstruct a de novo full-36 

length transcriptome for L. burdigalensis. The resulting transcriptome will serve as an 37 

important broad-scale genomic resource for further studying the response of local population 38 

of L. burdigalensis to T. polycolpus pressures. 39 

40 
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Introduction 41 

The emergence of pathogens represents substantial threats to public health, livestock, 42 

domesticated animals, and biodiversity (Daszak et al., 2000; Woolhouse, 2008). How wild 43 

populations respond to emerging pathogens has generated a lot of interest in the last two 44 

decades (Acevedo-Whitehouse & Cunningham, 2006; Bonneaud et al., 2012; Gilbert et al., 45 

2013). So far, most of the molecular mechanisms and pathways underlying the host immune 46 

response have been identified in model species for which large genomic resources are 47 

available (Jenner & Young, 2005). In fish species, most of knowledge on molecular pathways 48 

underlying immunity response to pathogens stems from studies conducted on model 49 

organisms (e.g. Danio rerio) and/or economically relevant species in aquaculture and/or 50 

fisheries (e.g. salmonids, carps; Uribe et al., 2011; Zhu et al., 2013). With the recent advent of 51 

high-throughput sequencing technologies it is now possible to develop large transcriptomic 52 

resources even for non-model organisms (Metzker, 2010; Ekblom & Galindo, 2011), hence 53 

allowing new research avenues on the immune responses of hosts from a large taxonomic 54 

spectra (Dheilly et al., 2014). 55 

We here focused on the rostrum dace (Leuciscus burdigalensis) – Tracheliastes 56 

polycolpus host-parasite system (Loot et al., 2004). The rostrum dace (also called beaked 57 

dace) belongs to the Leuciscus species complex (Cyprinidae: fish) and is endemic to streams 58 

and rivers from South-Western France and constitutes the principal host for Tracheliastes 59 

polycolpus (Loot et al., 2004). Tracheliastes polycolpus is a copepod ectoparasite that has 60 

been introduced in Western Europe (e.g. France, Spain, United Kingdom) in the 1920’s 61 

(Aubrook & Fryer, 1965; Tuffery, 1967; Fryer, 1982). Only females are parasitic and they 62 

attach to the fins of the individual host and feed on the mucus and epithelial cells, hence 63 

causing severe infections and lesions, both contributing to a reduction of host fitness (Loot et 64 

al., 2004; Blanchet et al., 2009a; Blanchet et al., 2009b). How do local L. burdigalensis 65 
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populations respond to this new ectoparasite species remains an intriguing and challenging 66 

question, which has implications for predicting the evolutionary potential of the host 67 

populations. 68 

We used next generation Illumina sequencing technology to sequence the 69 

transcriptome of eight L. burdigalensis adult individuals directly collected in natura. Four 70 

individuals were non-infected and four individuals were infected by T. polycolpus. We 71 

focused specifically on two tissues known to be involved in the immune response of fish -i.e. 72 

the spleen and the head kidney (Zapata et al., 2006; Salinas et al., 2011; Uribe et al., 2011)-, 73 

as well as on epithelial cells and mucus from the fin on which parasites were anchored. We 74 

used the Trinity methodology to reconstruct a de novo full-length transcriptome for L. 75 

burdigalensis. The resulting transcriptome will serve as an important broad-scale genomic 76 

resource for further studying the response of local population of L. burdigalensis to T. 77 

polycolpus pressures. This transcriptome may also provide a huge genomic repertoire for 78 

further studies dealing with related cyprinid fish species (notably closely related species from 79 

the Leuciscus complex), the broadest fish family in terms of species, with special emphasis on 80 

immune responses. 81 

 82 

Data access 83 

NGS raw sequence files – NCBI BioProject PRJNA264971 (Individual SRA numbers are 84 

provided in Table 2). 85 

Assembled contigs – The file Lburdigalensis_transcriptome_assemby.fasta is accessible on 86 

Dryad using the following url: http://datadryad.org/review?doi=doi:10.5061/dryad.6365v 87 

Blast hits (with D. rerio cDNA database)- – The file Blast_Lburdigalensis_Drerio_cDNA.xls 88 

is accessible on Dryad using the following url:  89 

http://datadryad.org/review?doi=doi:10.5061/dryad.6365v 90 
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 91 

Meta information 92 

Sequencing center - Plateforme Génomique Génopole Toulouse Midi-Pyrénées (Toulouse, 93 

France, https://genomique.genotoul.fr/). 94 

Platform and model - HiSeq 2000 (Illumina) 95 

Design description - Eight adult fish (L. burdigalensis) were collected from a single sampling 96 

site (X = 586643; Y = 1962631) on the Célé River in South-Western France using electric-97 

fishing (DEKA 7000; 100-300 V; 1-3 A) in the early fall 2012. Fish were directly transferred 98 

and stored at the Station d’Ecologie Expérimentale du CNRS at Moulis (SEEM; France). Fish 99 

were maintained in a well-oxygenated 200 L tank containing water from the sampling site 100 

during 12 hours (i.e. overnight). This time lag before sampling tissues was used to minimize 101 

possible stress induced by the fishing and transportation to the laboratory. Tissues from the 102 

cephalic kidney, the spleen and fins of each fish were sampled with RNAse-killer-treated 103 

tools in a RNAse-free chirurgical room. All samples were directly stored in liquid nitrogen 104 

before storage at -80°C. 105 

Analysis type - RNA / cDNA 106 

Run date - 18 february 2013 (first lane) and 07 march 2013 (two subsequent lanes) 107 

 108 

Library 109 

Strategy - next-generation automated DNA sequencing (Illumina) of normalized cDNA 110 

Taxon - Leuciscus burdigalensis 111 

Sex - Unknown 112 

Location - Célé River in South-Western France (X = 586643; Y = 1962631) 113 

Tissue - Cephalic kidney, spleen and fin 114 

Additional sample information - Information about the fish sampled is provided in Table 1.  115 
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Layout – Paired-end reads (2 X 101 bp) 116 

Library construction protocol - Total individual RNA was extracted from each sampled tissue 117 

using the RNeasy Plus Mini Kit (Qiagen reference: 7413). The final product was eluted in 40 118 

µL RNAse-free water. Each RNA extraction was dosed on a nanodrop ND-8000 (Thermo 119 

Scientific), which allows estimating the concentration as well as possible contamination by 120 

salts (260/230 ratio) and proteins (260/280 ratio). The quality of each RNA extraction was 121 

measured using a BioAnalyser (Agilent Technologies) based on the RIN estimation (i.e. RNA 122 

integrity number) and the 28S/18S ratio. 123 

RNA-seq libraries have been prepared according to Illumina’s protocols on a Tecan 124 

EVO200 liquid handler using the Illumina TruSeq RNA sample prep kit v2 to analyze RNA. 125 

Briefly, mRNA were selected using poly-T magnetic beads. Then, total RNAs were 126 

fragmented to generate double stranded cDNAs to be sequenced. 10 cycles of PCR were 127 

applied to amplify libraries. Libraries were tested qualitatively on an Agilent BioAnalyser and 128 

then quantified by QPCR using the KAPA Library Quantification Kit to obtain an accurate 129 

quantification. RNA-seq experiments have been performed on an Illumina HiSeq2500 (High 130 

Throughput mode) using a paired-end read length of 2x100 pb with the Illumina kits TruSeq 131 

SBS sequencing kits v3. The 24 libraries were multiplexed and sequenced three times on 132 

three independent lanes.  133 

 134 

Processing 135 

Pipeline – Sequencing files were first cleaned to remove adaptors from the methodological 136 

procedure (i.e. TruSeq adaptors) using Cutadapt software (Martin, 2011). Sequencing files 137 

were then filtered based on their quality using sickle software (Joshi & Fass, 2011) using the 138 

default settings (i.e. bases quality value with Phreds>30; minimum read length allowed after 139 
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trimming = 15 bases). At the end of this processing, we ended with a set of high quality read 140 

files for each library. 141 

Reads from all libraries were pooled together and normalized according to depth of 142 

sequencing coverage as recommended by Haas et al. (Haas et al., 2013). The in silico read 143 

normalisation was processed using the normalised_by_kmer_coverage.pl scripts included in 144 

the Trinity software package setting the maximum targeted coverage to 30 as recommended.  145 

 Based on the normalized reads obtained, we assembled de novo the transcriptome 146 

using the Trinity platform and a K- mer method following Haas et al. (Haas et al., 2013) with 147 

Trinity parameters set as defaults (K-mer size = 25; minimum contig length = 200;,minimum 148 

k-mer coverage = 1). 149 

 To assess the quality of the obtained transcriptome, we examined the number of raw 150 

input RNA-seq reads that were well represented by the transcriptome assembly. We also 151 

blasted the transcriptome assembled de novo for L. burdigalensis to the transcriptome of 152 

Danio rerio available at: ftp://ftp.ensembl.org/pub/release-77/fasta/danio_rerio/cdna/ using an 153 

e-value threshold of 1e
-10

.  154 

 155 

Results  156 

Number of reads: Overall 1 464 928 470 reads were obtained from the three Illumina runs. 157 

After processing filtering and normalisation, we obtained 1 355 846 866 high quality reads 158 

with a mean length of 94.06 bases (Table 2). 159 

De novo assembly: The final assembly obtained consisted of 659364 transcripts (i.e. contigs) 160 

composed of a total of 847630261 assembled bases. The transcript median sequence length 161 

was 567 bases. Only a small fraction of the overall raw reads (4.24%; Table 3) did not 162 

properly map to the de novo assemblage of L. burdigalensis. Moreover, a total of 218510 163 

contigs aligned with 25625 sequences (i.e. transcripts) from D. rerio cdna database. 164 
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Tables 174 

Table 1. Details on collected fish used for the de novo transcriptome assembly 175 
Individual 
code 

Individual 
status 

Body length 
(mm) 

Weight 
(g) 

Total nb of parasites 
on fish individual 

Nb of parasites 
on the collected fin 

Collected 
fin 

Leu01 parasitised 168 45.12 14 3 Dorsal 

Leu02 healthy 175 55.43 0 0 Dorsal 

Leu03 parasitised 165 43.05 5 3 Dorsal 

Leu04 healthy 155 39.3 0 0 Dorsal 

Leu05 parasitised 217 106.07 18 2 Dorsal 

Leu08 healthy 183 63.12 0 0 Anal 

Leu09 parasitised 205 72.14 7 1 Dorsal 

Leu10 healthy 140 26.9 0 0 Dorsal 

 176 

Table 2. Number of reads obtained from Illumina sequencing 177 
Sample 
 

Nreads before 
filtering 

Nreads after 
filtering 

Nreads 
filtered 

% of reads 
deleted 

SRA number 

Leu01-fin 91991354 85450864 6540490 7.11 SRS733950 

Leu01-spleen 65923200 60893730 5029470 7.63 SRS734012 

Leu01-kidney 67552490 62922934 4629556 6.85 SRS734005 

Leu02-fin 53296552 49465088 3831464 7.19 SRS734012 

Leu02-spleen 56809568 52333622 4475946 7.88 SRS734013 

Leu02-kidney 57621678 53468986 4152692 7.21 SRS734015 

Leu03-fin 49565770 45857486 3708284 7.48 SRS734018 

Leu03-spleen 72050396 66604748 5445648 7.56 SRS734019 

Leu03-kidney 50569852 46448306 4121546 8.15 SRS734032 

Leu04-fin 61349962 57078596 4271366 6.96 SRS734039 

Leu04-spleen 55712798 51296084 4416714 7.93 SRS734040 

Leu04-kidney 55793586 51695306 4098280 7.35 SRS734042 

Leu05-fin 63023934 57790854 5233080 8.30 SRS734048 

Leu05-spleen 54826002 50686718 4139284 7.55 SRS734049 

Leu05-kidney 46233120 42961000 3272120 7.08 SRS734050 

Leu08-fin 57508194 53328620 4179574 7.27 SRS734055 

Leu08-spleen 61097996 56532080 4565916 7.47 SRS734057 

Leu08-kidney 54784724 50804690 3980034 7.26 SRS734058 

Leu09-fin 66687296 61506218 5181078 7.77 SRS734059 

Leu09-spleen 58249430 53546634 4702796 8.07 SRS734060 

Leu09-kidney 62414984 57621810 4793174 7.68 SRS734061 

Leu10-fin 53392686 49502216 3890470 7.29 SRS734062 

Leu10-spleen 57920062 53869736 4050326 6.99 SRS734063 

Leu10-kidney 90552836 84180540 6372296 7.04 SRS734064 

TOTAL 1464928470 1355846866 109081604 7.45  

 178 

Table 3. Counts of raw reads aligned on the de novo assembled transcriptome 179 

Read classification Count Percentage 

Proper pairing 45868764 89.38 

Improper pairing 2173650 4.24 

Right only 1673552 3.26 

Left only 1604451 3.13 

 180 
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