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Grain 6: Genetic improvement 
 

 

Responsable: Béatrice Chatain, Ifremer 

 

Genetics is the branch of the biological sciences that studies the inheritance laws. Very 

early in history, it divided into a large number of specialities, from the most applied to 

the most theoretical. Those that interest us most in aquaculture are those that allow 

generation of "progress" at the farm level: 

 

- Population genetics that studies the drivers (and their effects) that influence the 

genetic diversity of populations and species (mutation, drift, natural selection...) 

- Cytogenetic that studies genetic processes at the cell level, that is to say at the 

level of the chromosomes without extracting DNA (chromosomal abnormalities, 

recombination of chromosomes, ...) 

- Quantitative genetics that studies the genetic component explaining the 

variations of quantitative traits and its heritability 

 

With this grain, you will be able to better understand the benefit of each of them for 

aquaculture. 

 

Population genetics 

 

This is the basis, the genetics that everybody knows, and which is the most taught. It 

studies the heritable variations within populations under the effects of evolutionary 

pressures. In aquaculture, we use it to characterize the structure and the genetic 

variability of populations (whether wild or not) from which we shall want to constitute a 

broodstock. 

 

Practically, it is necessary to avail from tissue samples (fin-clips in general; fig 1) taken 

from each individual component of the target population(s), and to send them to 

specialized laboratories that extract DNA (fig. 2), and build a sort of "identity card" (a 

phylogenetic tree) describing the genetic structure of the population (fig. 4). 

 
  

Fig. 1. Fin sampling from an anesthetized fish Fig. 2. Fin storage in alcohol for DNA extraction 
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The descriptors used today are essentially genetic markers located on DNA (fig. 3), 

which are all marks specific to each individual or each population. These analyses reveal 

whether individuals are related and/or if they issue from the same ancestral population. 

They will allow the fish farmer to avoid using inbred breeders at the beginning or to 

generate inbreeding over generations when working with closed stocks. 

 
  

Fig. 3. DNA molecule extracted from the cell nucleus Fig. 4. Example of a phylogenetic tree 

 

 

 

Cytogenetics 

 

This discipline studies the structures of cells, whether in the nucleus or the cytoplasm: 

their morphology, numbers, variations during cell division, as well as the transmission 

and expression of genes. 

 

In aquaculture, it is used to generate polyploidy, i.e., fish whose chromosomal heritage is 

upper to the normal. This phenomenon is observed in nature in many species, but it can 

also be induced, for example to produce triploids, animal with three sets of 

chromosomes instead of the two that generally characterize the "normal" (diploid) 

individual, and are generally sterile (fig. 5). 

 
  

Fig. 5. Triploids (3n) zygote Fig. 6. Triploidy induction technique 
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Triploids are used for multiple purposes: 

- To protect the genetic progress (the sold animals cannot be reproduced and their 

performance retrieved by the buyer) 

- To produce large animals by avoiding stunting and damage to the flesh caused by 

sexual maturation (fig. 7) 

- To shorten breeding cycles through a growth rate that is often higher 

- To protect the environment by restricting interactions between farmed and wild 

populations in case of escapes 

 

In fish, the technique for triploid production is the retention of the second polar body by 

thermal or pressure shock applied to eggs just after fertilization. Resulting individuals 

have the two sets of chromosomes of the mother in addition to the set brought by 

father’s sperm (fig. 8). 

 
  

Fig. 7. Triploid oyster (left), diploid (right) Fig. 8. Triploidy induction technique 
 

 

It must be noted that to date, triploids are not considered by law as GMOs because the 

DNA molecule is not modified by the treatment. 

 

In the subject on fish reproduction, you will learn more about these methods applied to 

the production of sterile or monosex population. 

 

 

Quantitative genetics 

 

This discipline uses mathematical models and biometrics to study quantitative traits 

measured on a large number of individuals within a population. It quantifies heritable 

genetic effects, distinguishing them from the effects of the surrounding environment 

that are not heritable. 

 

Its interest in aquaculture is very important because it allows operating selection 

programs and inducing sustainable progress that can be transmitted and cumulated 

from one generation to another. 

 

Quantitative genetics exploits the natural variability within a species (fig. 7). It increases 

the predominance of one or more characteristics targeted by the producer for the reared 
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animals, in order to improve the economic viability of its business or to meet the 

demands for a targeted market. 

 

In aquaculture, the most commonly selected traits are growth, disease resistance and 

flesh colour in salmonids (fig. 8). New traits, more recently targeted by breeders, include 

filleting yield, adaptation to vegetal feed or feed efficiency. 

 

 

 

 

 

Fig. 7. An example of breed variability Fig. 8. Salmon sushi 

 

 

The main "tools" needed by the breeders to implement a breeding program are the 

knowledge of heritability, genetic correlations and genetic by environment interactions 

for the selected characters. You will learn more about these important genetic 

parameters by watching the interview of Marc Vandeputte from INRA. 

 

 

Conclusion 

 

Genetics is an essential tool in aquaculture that is behind the exponential growth in 

some industries such as the salmon’s, but it must be used rigorously as you will see by 

consulting the additional documents included in this topic. 

 

The major contributions are those of the quantitative genetics, a discipline that portends 

even greater advances thanks to recent advances in the field of genomics. 

 

 

_____________________________ 

 


