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Introduction 

Salmonids, through the rainbow trout (Oncorhynchus mykiss) and Atlantic Salmon (Salmo 
salar) species, represent the most important farmed fish group in Europe. Even if the growth 
rate of these fishes is enhanced in seawater conditions, development of seawater trout 
aquaculture in Europe has been limited because of the variable success of acclimation of 
rainbow trout to seawater. We propose here to apply a coupled approach of QTL detection 
on traits and on gene expression (QTL/eQTL detection, Schadt et al., 2005) to better 
understand the genetic architecture of the salinity change response process by characterizing 
genes with a key role in seawater acclimation process through their location and function. 

Material and methods 

Animals. Biological material consist in F0, F1 and F2 from two divergent rainbow trout 
lines called HR and LR respectively for High Responding and Low Responding to a 
confinement stress (Pottinger and Carrick, 1999). Five F2 families of near 200 fishes were 
used for the QTL detection (see details in Quillet et al., 2010), among which 3 were selected 
for eQTL analysis. Those families were chosen regarding to the QTLs heterozygosity status 
of the parents. Within families, individuals were chosen for their extreme values in ionic 
plasmatic level in response to a transfer from freshwater to seawater. Three families with 64 
individuals per family were thus selected for gene expression measurements. 

Traits. Phenotypic values consist on the plasmatic chloride concentration measured after 2 
separate rounds of 24h transfer from freshwater to seawater (32PSU), on the relative gill 
weight measured at the end of the experiment and on the genes expressions in gill sampled 
after the second challenge. For gene expression, a microarray was specifically designed from 
existing 4*44K rainbow trout Agilent microarray (Salem et al., 2008). After testing 
expression of severals tissues on the 44k Agilent microarray, we selected 6849 clones 
filtered on the highest expression values in the gill, 7983 clones with specific gill expression, 
163 clones from Agenae microarray and 179 clones from Aquafirst microarray selected for 
their interesting expression profiles on several salinity and confinement stress studies. 
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Finally, we obtained 15 208 clones that were added to 452 Agilent controls on a 15k Agilent 
microarray design (ID 0223781).  

Genotyping. Each trout family was genotyped for 118 to 130 genetic markers (near 1/3 
SNPs and 2/3 microsatellites). Microsatellites were chosen according to the level of 
polymorphism and the location on the genetic map previously published by Guyomard et al. 
(2006). SNP were designed in a set of genes of interest for other purposes. Genetic linkage 
maps were rebuilt for the families of the QTL design, using the Carthagene software (de 
Givry et al., 2005). 

Statistical methods. Before testing the existence of eQTL, raw expression data were cheked 
and normalised. All clones corresponding to controls or having unexpected expression values 
(non uniform or saturated flag values) were considered as missing values.Then, genes with 
more than 50% of missing values were discarded from eQTL analysis. Genes expressions 
were then adjusted for labeling and hybridization dates, when relative gill weight was 
adjusted for the challenge date, the growth tank number, the weight and the length of the 
animal and plasmatic ionic concentration for the challenge date, the weight, the growth tank 
number and the challenge tank number. QTL and eQTL detection consisted on Linkage 
Analysis using the QTLMap software (Filangi et al., 2010). Estimation of the rejection 
thresholds was obtained by simulation. 

Results and Discussion 

QTL detection. We revealed the existence of respectively 4, 6 and 5 QTL for the relative 
gill weight, the plasmatic chloride and the plasmatic sodium concentrations at a 10% 
chromosome wide level. Joint analysis of the traits reveal 17 QTL. 

Table 1: QTL detected on the rainbow trout genome. 
Analysis Linkage Group Traits 

1
Position (cM) P-value

mu4 10 10%
mu5 14 5%

LG8 chloride2 20 10% mu3 30 10%
LG9 gillindex 80 5% mu5 30 10%
LG10 chloride2 20 1% LG6 mu4 20 5%

sodium1 70 10% LG7 mu1 0 10%
sodium2 0 5% LG9 mu2 17 10%

LG15 gillindex 50 5% mu2 0,05%
sodium2 120 10% mu4 5%
chloride2 120 10% mu5 5%

LG21 chloride2 30 10% LG14 mu6 0 10%
LG25 chloride1 10 5% mu2 119 5%

gillindex 40 5% mu3 118 10%
chloride1 30 10% mu4 119 10%

LG27 gillindex 10 5% mu2 108 10%
LG29 sodium1 60 10% mu5 114 10%
LG31 sodium1 0 10% LG26 mu5 55 10%

unitrait

LG14

LG19

LG26

LG5

LG10 21

LG19

LG23

Analysis
Linkage 
Group

Trait
Position 

(cM)
P-value

multitrait

LG4

 

1mu1: chloride1 and sodium1; mu2: chloride2 and sodium2; mu3: both chlorides and both 
sodiums; mu4: the 5 traits; mu5: both chlorides; mu6: both sodiums. 



Regarding to the traits and the significativity level, interesting QTL appear to be localized on 
3 Linkage groups, LG 10, LG 14 and LG 19. Indeed, they seem to play a role on the traits 
variation for the two challenges and/or for several traits (chloride and sodium plasmatic 
values and gill weight index).  

eQTL detection. We detect 11048 eQTL with a chromosome wide 1‰ level which 
corresponds approximately to 3% at the genome wide level. 

 
Figure 1: eQTL distribution on the rainbow trout genome. 

 

Colocalization eQTL/QTL. Two eQTL hotspots (on the Linkage Groups LG14 and LG19) 
were localized near the locations of chloride and sodium QTL. Moreover, eQTL, potentially 
involved in osmoregulation process, were detected. For example, several eQTL, with 
interesting annotations, were found in the LG 19 at the 125 cM location when QTL are 
identified near 120cM in both unitrait and multitrait analyses. 
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Figure 2: Colocalization of eQTL hotspots and QTL on the LG 19. 



Conclusion 

The study revealed several QTLs affecting plasmatic ion values and gill weight index after 
transfer to seawater. eQTL detection was successfully performed for the first time in an 
experimental design implicate fish and revealed a large number of highly positive eQTLs. 
Combining the two sets of data will help to identify positional candidate loci and functional 
genes implied in the salinity acclimation response on an euryhaline fish. Our present 
objective is to improve the genes annotation to progress in this knowledge. 
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