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1 Introduction 

This deliverable is the output of the Task 6.1.3.2 of PerformFISH. The aim was to unravel 
potential genotype-by-diet interaction in the resistance to Vibrio harveyi in European sea bass 
Dicentrarchus labrax fed two different diets. 

 
V. harveyi is considered a major disease in aquaculture production across species and countries, 
as it cannot be efficiently controlled by commercial vaccines, due to low antigen specificity. In 
commercial farms, the mortality caused by V. harveyi can reach 50% in the occurrence of an 
outbreak associated with important temperature variation in spring and autumn. The control of 
the disease relies therefore on the use of antibiotics which increases the risk of antibiotic 
resistance. In this context, selective breeding could be an effective strategy to improve fish 
resistance to specific pathogens (see review by Houston, 2017). Indeed, selective breeding 
generates cumulative and permanent improvements in host resistance (Yáñez et al., 2014), 
efficiently reducing the use of antibiotics in fish farming (Houston et al., 2017). It is particularly 
important for marine aquaculture species that are exposed to the open-sea environment, as 
disease prevention through management and biosecurity is challenging in such a context. 
Consequently, selective breeding has become a prime strategy to tackle disease resistance in 
fish species and many breeding programs include disease resistance in their breeding goals 
(Chavanne et al., 2016). 

However, fish farming is facing another challenge: the replacement of fish meal and fish oil in 
the diets by alternative and sustainable feed materials. Plant-based feed materials such as oil 
seeds' and cereals' by-products are today the most widely used for fish meal and fish oil 
replacement in the Mediterranean fish farming. Such substitution of marine ingredients with 
raw plant meal may have several impacts on farmed fish. First, it may affect (positively or 
negatively) the sensitivity of fish to pathogens. Second, it may decrease the efficiency of fish 
breeding programs due to genotype-by-diet interactions (GxD). When GxD occurs, the ranking 
of families when fish are fed diet A differs from the ranking of families when fish are fed diet B. 
More generally, genotype-by-environment interactions (GxE) have already been observed in fish 
reared in different farming systems (e.g. Domingos et al., 2021; Gulzari et al., 2022; Sae-Lim et 
al., 2016). In their review paper, Sae-Lim et al. (2016) reported substantial re-ranking for growth-
related traits (average genetic correlation = 0.72) and for survival-related traits (average genetic 
correlation = 0.54). The consequence of re-ranking due to GxD is of great concern because the 
selection of the nucleus would lead to lower genetic gain in commercial environments where 
fish are reared and grow with a different feed than in the nucleus. To our knowledge, however, 
there is no study specifically targeting GxD on survival traits.  

 
The aim of the task was therefore to evaluate the feasibility of using selective breeding to 
enhance the survival to V. harveyi and to investigate the potential GxD that could affect this 
resistance to V. harveyi. 
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2 Materials and methods 

2.1 Animals  
Reproduction of European sea bass was performed on 27 February 2017 at EMGI, Gravelines, 
France, with 60 sires and 20 dams, using artificial fertilization. Fish were grown until November 
2017 (24.1 g) according to the standard EMGI rearing protocol. Then, 8000 fish were split in two 
groups, each fed two different isolipidic, isoenergetic and isoproteic feeds for three (3) months, 
until February 2018. 

The first group (A) was fed a custom feed based on a formulation initially developed in the 
Arraina European research project and optimized based on PerformFISH outputs (see 
PerformFISH Deliverable 4.1 “Threshold of nutritional quality for the Mediterranean 
production”). A custom feed according to the specifications developed in Arraina research 
project was based on low fish meal, which have been replaced by plant origin feed materials. 
This custom feed composed by Dr Izquierdo from ULPGC (P2) and it was produced by Nireus 
(now member of Avramar Group) as LTP of  FGM (P4) under the supervision of Dimitris Barkas. 
Its proximal composition was 44.6 % proteins and 19 % lipids for 21.0 Mj/kg (composition 
detailed in Annex 2). 

The second group (B) was fed a Biomar commercial feed,namely Efico Kappa 866 F (3 and 4.5 
mm) (group Biomar) composed of 44-41 % proteins and 16-18 % lipids for 18.2-18.7 Mj/kg of 
digestible energy (composition detailed in Annex 1).  

At the end of the feeding trail, 1186 fish from the first diet group and 1211 fish from the second 
diet group were sent to FORTIOR genetics (ANSES, Plouzané, France) for a V. harveyi challenge 
test on the 7th of February 2018, at 345 days post fertilization. The fish were previously weighed 
and tagged with Passive Integrated Transponders (PIT-tag) and individual fin sampling was 
performed for further DNA extraction, genotyping and parentage assignment. 

 
2.2 Vibrio challenge 
The fish were challenged to Vibrio harveyi at the SYSAAF-ANSES Fortior Genetics platform 
(ANSES, Plouzané, France). All fish were maintained in filtered seawater at a temperature of 
22°C ± 2°C in an open circuit. The two groups were split into 12 tanks (5 test tanks and 1 control 
for each group). 

Before the experimental challenge, a pre-test challenge was realized to define the ideal 
concentration of bacteria able to generate between 30 and 70% mortality in the challenged 
population. This range of mortality is adequate for unbiased estimation of genetic parameters 
(Chapuis et al., 2010). The pre-test consisted in administrating an increasing concentration of 
bacterial suspension (V. harveyi strain N°5: 94473 1811603 AQN553P2) on fish. Fifteen fish per 
concentration, ranged from 0.18 to 2.91 of OD600, were contaminated with an intraperitoneal 
injection of 100 μL of bacterial solution after anaesthesia. These pre-tests were carried out from 
14 February 2018 to 6 March and showed the ideal concentration to be around 0.9 OD600. 

On the 13th of March 2018, the same protocol was applied on the challenged fish (mean weight 
of 65g for group B and 75 g for group A). Following anaesthesia, all fish were injected with 100 
μL of bacterial suspension at a concentration of 0.85 OD600, corresponding to a dose of 2.1011 
CFU par fish. The negative controls were injected with a solution containing sterile cell culture 
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medium. The mortality was recorded each day during the 14-day challenge period. 
Bacteriological analyses were performed before the pre-test and challenges as well as during 
the mortality peak to check the sanitary status of the fish. Each time, spleen and kidney were 
randomly sampled and streaked on culture plates. Bacteria isolated were identified by MALDI-
TOF. 

 
2.3 Statistical analysis of phenotypes 
To test whether the diet influences mortality due to V. harveyi, we applied a binary logistic 
regression model using the glm function in R. The following model was fitted: 

 

log �
P(yi = 1)

1 − P(yi = 1)�
= μ +  Dieti + β0  × BWi + β1  × (BWi × Dieti) 

 
Where 𝑦𝑦𝑖𝑖  is the variable of interest, dead or alive, for fish i. Dieti is the fixed effect of the type 
of feed (group B or group A) and BWi is the body weight of fish i before the start of the challenge. 

 
2.4 Genetic parameters 
A total of 907 fish from the group B and 956 fish from the group A were genotyped for 1000 SNP 
markers for parentage assignment with APIS software (Griot et al., 2020). The percentage of 
parentage assignment reached 99% for group B (891 fish assigned) and 100% for group A (942 
fish assigned). The pedigree was then used to compute variance components and estimated 
breeding values for survival using THRGIBBSF90 software from the blupf90 program suite 
(Tsuruta and Misztal, 2006). The survivals in each group A and B were considered different traits 
to estimate the genetic correlation between both groups. Variance components were estimated 
using the following bi-variate model: 

 
𝑦𝑦 = 𝑋𝑋𝑋𝑋 + 𝑍𝑍𝑍𝑍 + 𝑒𝑒 

 
where y is the vector of phenotypes (survival as binary trait; 1 = dead, 2 = alive), X is the design 
matrix for intercept and regression on initial body weight, b is the vector of intercept and 
regression coefficient estimates, u is the vector of breeding values, Z the corresponding 
incidence matrix and e is vector of random error variance. The additive (animal) genetic effects 
were assumed to follow N (0, 𝑉𝑉 ⊗ 𝐴𝐴), with V the genetic (co) variance matrix between traits and 
A the numerator relationship matrix relating all animals in the pedigree, while the residual 
effects were assumed to follow N (0, 𝑅𝑅⊗ 𝐼𝐼), R the residual (co) variance matrix between traits 
and I the appropriate identity matrix. The variance components (σ𝑔𝑔2 and σ𝑒𝑒2) were estimated 
using a Gibbs sampler with 500,000 iterations, 100,000 of burn-in and one sample was kept 
every 20 iterations for posterior analysis.  

 

 

 

 



D6.5: Genotype X Diet interaction on disease resistance in sea bass 
 

7 
 

3 Results 

3.1 Mortality of challenged fish 
The first significant mortality occurred the day after the injection and reached a peak 2 days 
after the injection (Figure 1). At the end of the challenge, the mortality rate reached 38% for the 
group A (468 dead fish) and 48% for the group B (546 dead fish) (Figure 2a). 

The logistic regression showed that feed and body weight significantly affected the survival rate 
of the fish. Fish fed diet B were more likely to die from the infection compared with fish fed diet 
A (P < 0.0001). Also, bigger fish were less likely to die from the infection compared with smaller 
fish (P < 0.0001). The interaction between the type of feed and the weight was also significant 
(P = 0.0001). 

  

 
Figure 1. Barplot of the number of dead fish per tank and per day (or half day) after V. harveyi 
injection for the group A and the group B. The lines represent the cumulated mortality for both 
groups. 

 

 
 

Figure 2. Panel (a) represents the mortality and survival rate at the end of the challenge for 
both groups A and B. Panel (b) is the boxplot of the body weight at the start of the challenge 
for surviving and dead fish in both groups. 
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3.2 Heritability and genotype-by-environment interaction 
We found that survival to Vibrio was weakly heritable but not different to zero, h² = 0.14 (0.07) 
in the group B and 0.17 (0.07) in the group A. Despite this low heritability, there was substantial 
variation in the survival rate of the progeny of each sire and dam (Figure 3 and Figure 4). For 
instance, there were 14 sires (out of 118 sires) with a survival rate in their progeny above 75%. 
Conversely, there were 14 sires with a survival rate in their progeny below 40%. Additionally, we 
found that the genetic correlation of survival to V. harveyi between diet A and B was high (0.79, 
Table 1).  

 
 
 
Table 1. Heritabilities (on the diagonal) of survival to Vibrio harveyi when fed diet B and when 
fed diet A. Above the diagonal is the genetic correlation between the two traits with sd 

  
 
 
 

 
 
 
 

 
Figure 3. Percentage of survival in the progeny of each dam. The size of the dot is proportional 
to the number of progeny per dam. 

 

 

 

 

 

 

 

 Survival with diet A Survival with diet B  
Survival with diet A 0.21 (0.07) 0.79 (0.10) 
Survival with diet B   0.14 (0.07) 
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Figure 4.  Percentage of survival in the progeny of each sire. The size of the dot is proportional 
to the number of progeny per sire. 

 

 

4 Discussion 

The mortality rates observed in our experiment, 38% with diet A and 48% with diet B, were 
similar to the 41% mortality rate observed in Griot et al. (2021), and correspond to a mortality 
level for which estimation of genetic parameters is expected to be precise (Chapuis et al., 2010). 
However, in both groups, the bigger fish were significantly less sensitive to V. harveyi. The 
significant correlation between body mass and survival could be explained by the infection 
method. The dose of bacteria was the same for all fish, resulting in a higher concentration of 
bacteria relative to body mass for smaller fish, possibly worsening the pathogen loads and 
infection intensity.  

Additionally, the group fed the plant-based diet (A) had better survival rate than the group fed 
with commercial diet (B). This result diverges from the initial scientific literature in which Sitjà-
Bobadilla et al. (2005) showed that the immune defences decreased above 75% of replacement 
of fish-based ingredients by plant-based ingredients in gilthead sea bream. The initial design of 
the experimental protocol with a highly substituted Arraina diet composed with 25% soy protein 
extract, known to counteract the negative effects of non-transformed and raw plant meals 
(wheat, corn) was expected to limit negative effects of plant substitution. 

Another hypothesis to explain the better survival rate of fish fed the Arraina diet relates to 
potential differences in feeding management between diet groups during the 3-month 
preceding the challenge. To facilitate feeding management, both groups received an equal 
volume of feed despite their different density, 545 g.L-1 for diet B and 740 g.L-1 for diet A. 
However, both feeds are isolipidic, isoenergetic and isoproteic, which means that the group fed 
with commercial diet received less nutrients than the group fed with diet A. Consequently, fish 
fed diet A were heavier at the start of the challenge (75 g for diet A fish and 65 g for diet B). It is 
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likely therefore that the fish fed the Biomar feed have been slightly underfed. This may have 
potentially affected their ability to cope with V. harveyi vibriosis. In chinook salmon, Alcorn et 
al. (2003) observed significant changes in phagocytic cell activity depending on the feeding rate 
suggesting that some cellular immune functions may be affected by the feeding rate. 
Nevertheless, the difference in body weight alone does not explain the difference in survival 
rate between diet groups as the logistic regression showed that both feed and body weight 
significantly affected the survival rate of the fish. 

Despite potential bias in the feeding rate of both groups prior to challenge, we found that the 
heritability of survival to V. harveyi in both environments (0.14 with diet A and 0.21 with diet B) 
was close to the estimation of 0.20 (±0.07) by Griot et al. (2021). Therefore, despite slightly lower 
values, our results confirm that survival to V. harveyi is moderately heritable (h² = 0.14-0.17) 
regardless of the feeding environment. Although the challenges from both studies were done 
on the same base population (selected line of EMGI), they were not realized on the same cohort 
which could explain the slightly different values found in both studies. Additionally, the 
heritability was confirmed by the substantial variation in the survival rate of the progeny of each 
sire and dam used in the experiment. In other aquaculture species, resistance to vibriosis was 
also shown as moderately heritable. For instance, the resistance to V. harveyi in Chinese tongue 
sole was 0.16 (using a linear model, Li et al., 2019), the resistance to V. salmonicida in Atlantic 
salmon was 0.19 (Gjedrem and Gjøen, 1995) while the resistance to V. anguillarum was 0.16 in 
Atlantic cod (Bangera et al., 2011). So, similar to those previous studies, we confirm that 
improving survival to V. harveyi is achievable by selective breeding, although improvement will 
not necessarily be very fast.  

Besides estimating the heritability of survival to V. harveyi in different feeding environments, 
our goal was to investigate potential GxD. In case of GxD, the selection of the nucleus realized 
with a specific diet would lead to lower genetic responses in commercial environments using 
other diets. GxD in the context of plant-based diet use was previously assessed in European sea 
bass for production traits. Le Boucher et al., (2013) found that the genetic correlation between 
body weights when fish were fed a classic diet or a plant-based ranged between 0.78 and 0.93 
depending on the age, showing low GxD. This result on European sea bass was confirmed by 
Bestin et al. (2014). When growth rate  rather than body weight was studied, GxD increased and 
became moderately high (rg between 0.43 and 0.64), in Le Boucher et al. (2013), a phenomenon 
already seen for GxE across production environments by Dupont-Nivet et al. (2010) when 
studying growth in European sea bass. Indeed, growth rate seems to be more sensitive than 
body weight to genotype by environment interactions.  The relatively high GxD observed by le 
Boucher et al. (2013) for growth rate was also probably the result of the complete substitution 
of marine-based ingredients by plant –based ingredients in that study, which is quite an extreme 
change and resulted in a total deprivation of essentials fatty acids EPA and DHA which European 
sea bass is unable to synthetize. It is not what we did in the present study, where the proportion 
of marine ingredients was 26.1-29.7% in the Biomar diet (B) and 15.1% in the custom diet (A). In 
rainbow trout, GxD was also low for body weight and other yield traits indicating that selection 
on a given diet would result in a similar response to selection in both feeding environments (Le 
Boucher et al. 2011). These results in rainbow trout supported initial research from Palti et al., 
(2006) and Pierce et al., (2008) who also found moderate or weak GxD. Finally, Bestin et al. 
(2014) also investigated GxD with plant-based diet on body weight and yield traits in gilthead 
sea bream and did not find significant GxD, albeit the intensity of the GxD was higher than in 



D6.5: Genotype X Diet interaction on disease resistance in sea bass 
 

11 
 

European sea bass and rainbow trout (e.g. the genetic correlation of body weight between 
feeding environments was 0.81±0.09 and 0.73±0.10 for de-headed and gutted carcass yield).  

Our experiment is the first to investigate GxD on disease resistance in European sea bass. Our 
results are in line with previous studies showing that the use of plant-based diet causes low GxD 
as we found a genetic correlation of 0.79 between diets. This means that there was moderate 
re-ranking of individuals based on their EBV. The Spearman rank correlation between the 
ranking of families when fed diet A or diet B was 0.80. More specifically, among the 25 best 
families fed on diet B there were 13 families also present among the 25 best families fed on diet 
A. This shows that selection response would affect marginally the genetic gain if selection is 
done on a different diet than the one used in production. Additionally, in our study, the 
heritability measured in the group fed with diet A was higher than with diet B. This support 
previous results suggesting that plant-based diet may amplify the expression of the fish genetic 
potential resulting in higher heritability in plant-based diet.  

Our results suggest, that (i) selection for survival to V. harveyi should be carried out on a 
substituted diet to optimize response to selection as survival to V. harveyi displayed higher 
heritability in this condition; and that (ii) the response to selection should be similar in both 
feeding environments as the genetic correlation between diets is strong.  

 

5 Conclusion 

The differential mortality observed between diet groups is still under investigation. It cannot be 
rejected that different feeding rates between the groups prior to the challenge may be the 
cause. However, the genetic parameters estimated were in the line with previously published 
results in European sea bass and other species. Although the heritability of resistance to V. 
harveyi was found to be moderate in both feeding environments, meaning that selective 
breeding for better resistance would be slow, these results are still encouraging. Indeed, it 
shows that breeding companies could select fish for better resistance to V. harveyi without 
losing too much efficiency across feeding environments, as the genetic correlation between 
feeding environments was 0.79.  
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9 Annexes 

Annex 1: Arraina feed composition  (A) 
Raw materials Inclusion (%) 
Wheat powder 4.00 
Rapeseed meal 11.60 
Corn gluten 25.00 
Soy protein concentrate 25.00 
Wheat gluten 7.50 
Fish meal superior prime 5.00 
Fish oil 10.90 
Rapeseed oil 5.70 
Monocalcium phosphate 2.10 
Taurine 98.5% 0.24 
Lysine 79% 0.90 
DL-Methionine 99% 0.01 
Phospholipids 1.05 
Premix vitamin-mineral 1.00 
TOTAL 100.00 

 

Approximate analysis % 
Dry matter 93.0 
Moisture 7.0 
Crude protein 44.6 
Crude fat 19.0 
Crude fibers 3.0 
Total ash 6.1 
Carbohydrates 23.3 
Energy Mj/kg 21.9 
Calcum  0.9 
Phosphorus  1.1 
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Annex 2 : Efico Kappa Biomar feed composition (B) 
Lot 

 
2212535 2212554 

Formula 
 

866Y-IFW-030000 - 
EFICO KAPPA 866F 

3mm 39.0/16.5 
(44/16) Bass Winter 

866Y-IFW-045000 - 
EFICO KAPPA 866F 
4.5mm 37.0/17.0 

(41/18) Bass Winter 

Save in archive 
 

26/12/17 29/11/17 
ENERGY - DE Seabass (MJ/kg) MJ/kg 16.7 17.0 
MOISTURE (%) % 8.5 8.2 
PROTEIN - crude (%) % 43.6 41.0 
FAT - crude (%) % 15.6 17.7 
ASH (%) % 6.5 6.3 
CELLULOSE - crude (%) % 3.0 3.5 
Phos - available (%) % 0.6 0.6 
STARCH - crude (%) % 12.2 12.1 
DP/DE Bass num 23.3 21.7 
Phospholipids (g/kg) g/kg 8.0 8.0 
EPA+DHA in feed (%) % 2.0 1.8 
Marine protein sources % 22.6 18.0 
Fish oil % 7.1 8.1 
Vegetable protein sources % 31.9 32.3 
Vegetal oil % 3.6 5.5 
Starch sources % 20.9 20.4 
E300 - Vit C added mg/kg 500 500 
E671 - Vit D3 added IU/kg 750 750 
E306 - Vit E added mg/kg 230 225 

 

 


	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Vibrio challenge
	2.3 Statistical analysis of phenotypes
	2.4 Genetic parameters

	3 Results
	3.1 Mortality of challenged fish
	3.2 Heritability and genotype-by-environment interaction

	4 Discussion
	5 Conclusion
	6 References
	7 List of Tables
	8 List of Figures
	9 Annexes
	Annex 1: Arraina feed composition  (A)
	Annex 2 : Efico Kappa Biomar feed composition (B)


