N

N

Implementation of genomic selection on production and
quality traits and linkage disequilibrium in Crassostrea
gigas
Antoine Jourdan, Pierre Boudry, Florian Enez, Pierrick Haffray, F Chenier, E

Vetois, Francois Allal, Pascale Le Roy, Florence Phocas, Jérome Bugeon, et al.

» To cite this version:

Antoine Jourdan, Pierre Boudry, Florian Enez, Pierrick Haffray, F Chenier, et al.. Implementation
of genomic selection on production and quality traits and linkage disequilibrium in Crassostrea gigas.
12. World congress on genetics applied to livestock production (WCGALP), Jul 2022, Rotterdam,
Netherlands. 10.3920/978-90-8686-940-4_ 567 . hal-04013016

HAL Id: hal-04013016
https://hal.inrae.fr /hal-04013016
Submitted on 3 Mar 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.inrae.fr/hal-04013016
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

- Monday, February 27, 2023 4:52:49 AM - IP Address:81.220.111.48

-90-8686-940-4_567

https://www.wageningenacademic.com/doi/pdf/10.3920/978

567. Implementation of genomic selection on production and quality
traits and linkage disequilibrium in Crassostrea gigas

A.Jourdan”, P. Boudry?, F. Enez', P. Haffray', F. Chenier?, E. Vetois*, F. Allal®, P. Leroy®, F. Phocas’,
J. Bugeon?, L. Degremont® and R. Morvezen'

'SYSAAF (French Poultry and Aquaculture Breeders Technical Centre), 35042 Rennes, France; *Ifremer,
Department of Biological resources and Environment, 29280 Plouzané, France; SFRANCE NAISSAIN, 85230
Bouin, France; *SATMAR, 50760 Gatteville, France; "MARBEC, Université Montpellier, CNRS, Ifremer, IRD,
Palavas-les-Flots, France; INRAE, Physiology, Environment and Genetics for Animals and Livestock Systems,
35590 Saint Gilles, France; “Université Paris-Saclay, INRAE, AgroParisTech, GABI, 78350 Jouy-en-Josas, France;
8INRAE, LPGP, Batiment 16A, Allée Henri Fabre,Campus de Beaulieu, Rennes, 35042, France; °lfremer, RBE,
ASIM, Avenue de Mus de Loup - Ronce les Bains, 17390 La Tremblade, France; ajourdan®@ifremer.fr

Abstract

The recent progress and cost reduction of genotyping technologies allows for the implementation of genomic
selection (GS) on more and more cultivated species. In this study, we explore the genomic determinism of
commercial traits and test the effectiveness and the possible cost reduction of GS in breeding programs of
the cupped oyster Crassostrea gigas. Two populations of more than 1000 individuals have been phenotyped
and genotyped for 40,000 SNP (Guitierez et al., 2017). Heritability was estimated to be moderate for
commercial traits of interest (between 0.19 and 0.34). The accuracy of the genomic prediction models
outperformed the classical selection on pedigree by 22 to 55%. A limited linkage disequilibrium (LD) level
(less than 0.1) was observed. These results suggest that the use of GS in oyster breeding can improve the
selection of breeding candidates to enhance commercial traits but need a specific account and exploration
of the very low LD.

Introduction

Growth, morphology, and color are essential characteristics for the oyster farming industry and have been
the focus of breeding programs. As for other aquaculture species (salmon, sea bass, sea bream), the recent
development of genomic tools in the cupped oyster (57K SNP genotyping chip) opens up the possibility of
integrating genetic markers into breeding programs by through genomic selection (GS) (Hollenbeck and
Johnston, 2018; Boudry et al.,2021). According to Lillehammer et al. (2013) and Guitierez et al. (2018), a
few hundred to a few thousand markers could be enough to significantly increase the quality of predictions
compared to the standard method of selection on relatives but this requires a sufficiently high LD. In this
study we propose to estimate the genetic parameters and to test the efficiency of GS on two commercial
breeding programs, on traits of interest, by comparing the accuracy of GS with a standard, pedigree-based
approach and evaluating the usefulness of the available genotyping tool, by estimating SNP quality and LD
between them.

Materials & methods

Biological material. The two populations in this study were derived from the breeding Company Vendée
Naissain (Bouin, France) and SATMAR (Gattevile, France). They were reared on sea shore in Normandy.
The first population consists of 1,261 offspring generated from 130 parents (64 males/69 females). The
second population comprises 1,136 individuals including the 104 parents (59 males/45 females).

Phenotyping. All individuals were phenotyped for the same traits in both populations: total weight before
opening, length, width and height of the shell, upper and the lower valve and wet meat weight. Meat yield
was estimated using residue of linear regression between meat weight and total weight. A photo of all
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the individuals was taken using a Canon EOS 2000D camera. Images were analysed with an automatic
image analysis pipeline using the FIJI software to define surface measurements of the two valves and
measurements of the mean external colour of the upper valve estimated in the CIE LAB space.

Genotyping. All individuals of the two populations, including parents and offspring, were genotyped on a
bi-species Axiom Affimetrix 57K chip with 40,625 markers for the cupped oyster. A quality analysis carried
out on the AxAS software made it possible to retain 14,469 quality markers.

Genetic parameter estimation. Genetic parameters and estimated breeding values (EBV) were estimated
with BLUPF90 software suite under animal model. EBV were estimated using pedigree or genomic BLUP
(Best Linear Unbiased Prediction). For each, the prediction accuracy was estimated in 40-replicated five-fold
crossvalidations (training population 80%, validation population 20%). Prediction accuracy was calculated
as the correlation between the predicted EBVs and the actual phenotypes of the validation population,
divided by the square root of the heritability estimated. Prediction accuracy values were compared between
the pedigree and genomic approaches.

Linkage disequilibrium (LD). The 14,469 good quality markers were blasted on the new reference genome
(cgigas_uk_roslin_v1, GCA_902806645.1) in order to map the SNPs. Approximately 12,581 SNPs were well
positioned on the 10 linkage groups. To estimate LD, we used the squared correlation based on genotypic
allele counts (number of non-reference alleles at each locus) using the PLINK v1.9 software (Chang et al,
2015). Pairwise LD between all SNPs in a 75-Mb long window were derived for each chromosome. The
mean r* values was calculated for every 50 kb and covering up to 1000 kb.

Results

All of the traits measured have coefficient of variation between 13 and 53%. The two populations were
phenotyped at three years post fertilization. The heritability estimated are limited to moderate ranging
from 0.04 to 0.34 for color traits and between 0.19 and 0.27 for biometric traits. The gain in prediction
accuracy of GBLUP compared to pedigree BLUP on classically measured and selected growth traits
is presented in Figure 1. This figure shows GS is superior to selection on pedigree in most cases, with
however median levels of gain in accuracy which vary according to the trait studied with values between
22.6 and 55%. The mapping of the 13,000 markers on the most recent assembly (cgigas_uk_roslin_v1,
GCA_902806645.1) of the cupped oyster genome shows an important coverage heterogeneity. For example,
only 159 markers belonging to chromosome 2 (73 Mb) were genotyped, while more than 2,000 were
genotyped for chromosome 10 (58 Mb). The LD is represented by the r? as a function of the physical
distance over the assembly of the oyster genome. We can observe in Figure 2 that we have a low level of DL
with a slow decrease as a function of the distance. LD level is very low even over a short distance between
markers (less than 0.1).

Discussion

In our study, we show moderate levels of heritability for production and quality traits. This level of
heritability seems lower than when compared to other recent publications in Pacific or Portuguese oysters
in Asia (Kong et al., 2015). Difference in rearing methods (suspended vs bag) and practices (immersed vs
on shore) may have a significant impact on expression of additive genetic components of oyster growth
(Sheridan, 1997). Under this hypothesis, estimates of the heritability are moderate but adapted for setting
up breeding programs in Europe as they are estimated in the environment of rearing. The medium density
chip allows to investigate application of GS in Pacific oysters in other traits than OHsV1 genetic resistance
(Guittierez et al, 2017). The results obtained from cross-validation on genomic prediction are similar to
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Figure 1. Boxplot of prediction accuracy gain (%) between GBLUP and BLUP for all the 40 simulations and all
traits. TW = total weight; L = length; W = width; H = height; UVW = upper valve weight; LVW = lower valve weight;
MW = wet meat weight; RMw/Tw = residual meat weight/total weight; UVS = upper valve surface; LVS = lower
valve surface; MLV = mean upper valve L value; MaV = mean upper valve a value; MbV = mean upper valve b value.
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Figure 2. Decay of linkage disequilibrium (LD) with physical distance between markers for the first hatchery
population.

those obtained on other aquaculture species with a clear improvement in the accuracy of the prediction.
This therefore reinforces the interest of using genomic tools in the breeding programs of the cupped oyster.

One important result is very limited LD observed in two distinct populations. Indeed, to make GS more
cost-effective, it is necessary to reduce the number of markers to be genotyped or to go through other
methods of GS (such as GWAS) with fewer individuals to genotype. To achieve this, it is essential to have
a sufficiently high level of LD in the population. Some parameters can influence the level of LD such as
the number of generations for which they were raised in isolation or reduce the effective size (Ne) which
would result into increase the levels of relatedness between individuals and therefore a greater extent of LD.
Our LD levels are consistent with recent reports describing low levels of LD in wild populations of C.gigas
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(Guittierez et al., 2017). This result is questioning about the possibility to identify QTLs with repeated and
conserved effects across generations with the actual genomic tools developed.
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