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i. Oyster aquaculture and disease 

ii. Creating an oyster SNP chip 

iii. Oyster Herpes Virus experiments 

iv. Genetic basis of host resistance 

v. Applications of genomic selection 

 

 

 

 

 

 

 

 

 

 
 

 

 

Outline 



• Pacific oyster (Crassostrea gigas) 
• Species of global importance to aquaculture 

 

 

 

 

 

 

 

 

• Widely introduced to Europe and America: fast growing and robust  

• Substantial and expanding genomic toolbox  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Background 



• Pacific oyster aquaculture: threat of infectious disease 
• Mass mortality in juveniles due to Oyster Herpes Virus (OsHV-1)  

• Virulent form (micro variant) emerged in last 10 years 

• Biosecurity measures limited efficacy to prevent outbreaks 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Background 



• Host resistance to OsHV has a large genetic component 
• Heritability estimates in field & lab up to 0.6  (Degremont et al. 2015) 

• High genetic correlation between field and lab rG~0.7 (Degremont et al. 2015) 

• Selective breeding has potential to produce resistant stocks  
 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Background 

From Degremont (2011): 
Survival rate in a ‘field’ trial of 

samples from C. gigas lines derived 
from 4 generations of selection: 
Resistant (R), Susceptible (S) and 

Control lines 



• Commercial-scale genetic improvement of C. gigas  
• Reliance on hatchery stocks commonplace 

• Family-based programmes underway in France, Australia, N.Z…. 

• Genomic tools not yet routinely applied 

• Our aims: 
i. To create a SNP array for efficient genome-wide genotyping of Pacific and European oysters 

ii. To assess the genetic architecture of host resistance to OsHV-1 

iii. To test and develop cost-effective genomic selection for oysters 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Background 



• Population samples for sequencing and SNP discovery  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

SNP Array 

Species Country Site Number 

O_edulis Croatia Croatia 14 

O_edulis England Mersea 15 

O_edulis France Baie de Quiberon 15 

O_edulis Ireland Rossmore (Cork) 15 

O_edulis Ireland Tralee 13 

O_edulis Ireland Lough Foyle 15 

O_edulis USA Damariscotta, Maine 14 

O_edulis Netherlands Lake Grevelingen 15 

O_edulis N. Ireland Larne 14 

O_edulis Norway Sveio 15 

O_edulis Swansea Swansea Bay 15 

C_gigas France Ifremer selection lines 16 

C_gigas France France Turbot  29 

C_gigas France Vendée Naissain  26 

C_gigas France Novostrea 29 

C_gigas France SATMAR 28 

C_gigas UK Guernsey Sea Farms 47 

C_gigas UK Sea Salter 13 

C_gigas UK Maldon 15 



• Sequencing strategy for SNP discovery 
• Single libraries of pooled genomic DNA from each population 

• C. gigas → whole genome Illumina resequencing (reference genome), ~70x 

• O. edulis → RAD sequencing, PstI enzyme (reference-free), ~100x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

SNP Array 

RAD Seq 

Whole Genome 
Seq 

single Illumina sequencing read 

Adapted from  
Etter et al (2009) 

PstI enzyme cut sites 

Genomic DNA 



SNP Array  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

• Combined species SNP array created with ~50 K genetic markers 
• Candidate SNPs on array: ~35K for C. gigas, and ~15K for O. edulis 

• Validated in several populations and families 

 

 

 
Informative C. gigas SNPs Informative O. edulis SNPs 

Gutierrez et al. 2017, G3, 8: 1273-80 



SNP Array  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

• Combined species oyster SNP array created with ~50 K genetic markers 
• Freely available to purchase from ThermoFisher (Axiom technology) ~30 Euro 

• Being tested / used by researchers in several countries 

 

 

Australia 

New Zealand 

Mexico 

USA 

France 
Spain 

Germany 
UK 

Japan 



SNP Array  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

• Study of genetic diversity of Pacific oyster samples  
 

Courtesy of 
James Kijas, 

CSIRO 

Australia 

France 

UK 

Japan 

New Zealand 

SNP array used to assess population structure SNPs highly informative in oyster populations around the world 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Disease Resistance 

• Disease challenge study with Oyster Herpes Virus (OsHV-1) 
• Three large oyster families (each n = 60) 

• Oysters batch spawned from 28 parents (n = 820, family assignment by genotyping) 

• Recently settled oyster spat (~2months) bath challenged 
• Single large tank 

• Grid structure 

• Flow-through system  

• Aeration and mixing 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Disease Resistance 

• Samples of mortalities and survivors for genotyping 
• Overall mortality rate ~ 20 % 

• Genomic DNA extracted from all samples and parents & genotyped for array 

• Defining family structure and mapping the oyster genome  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

SNP array genotypes can distinguish 
between families 

Family material used to build high density 
(~20K) linkage map of oyster genome 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Disease Resistance 

• High density linkage map highlighted issues with C. gigas genome assembly 
• ~40% of scaffolds mapped to >1 linkage group 

• Consistency with earlier linkage map of Hedgecock et al. (2015) 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Example of reference genome scaffold mapping to two linkage groups 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Disease Resistance 
• GWAS for OsHV resistance in oysters 

• Heritability of resistance (underlying liability scale) = 0.25 

• Individual loci (QTL) affecting resistance to herpes virus 

• Both survival and viral load affected by gene(s) on Chromosome 6 

• Candidate gene on Chr6: RAN Binding Protein 9-like gene (Interferon γ signalling) 

 

 

 

 

 

Genome-wide association study for OsHV survival 

Disease Resistance  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Disease Resistance 
• Application in UK oyster hatchery production  

• Sampling and testing broodstock oysters using targeted low density SNP panel 

• Avoidance of inbreeding and selection for resistance markers  

 

 

 

 

 

 

Disease Resistance  

(i) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Disease Resistance 
• Application in UK oyster hatchery production  

• Sampling and testing broodstock oysters using targeted low density SNP panel 

• Avoidance of inbreeding and selection for resistance markers  

 

 

 

 

 

 

Disease Resistance  

(ii) 



• OsHV resistance in an independent population 
• 31 families OsHV challenged at Cawthron in 2015 

• Based on challenge model described in Camara et al. 
2017, Aquaculture, 469:50-58 (validated in field) 

• Genotyped using SNP array (n~800): ~24K informative 
C. gigas SNPs 

• Animal model, probit link function (binary survival)  

• Heritability estimate for OsHV resistance in 
genotyped animals (using G Matrix) = 0.44 (0.05)  

• GWAS and genomic prediction analyses (ongoing) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disease Resistance  

Laboratory challenge 

Field challenge 



• Testing genomic prediction of herpesvirus resistance in oysters 
• Split population into training (80%) and validation (20%) sets 

• Mask the phenotypes of the validation sets 

• Use the genomic prediction model trained on the 80% to predict the 20% (GBLUP) 

• Repeat several times (5-fold cross validation), adjusted correlation (r) between estimated 
breeding value and trait value of masked individuals 

 

 

 

 

 

 

 

 

 

 

 

Sampled oysters with phenotypes 
and SNP array genotypes 

Genomic selection 



• Testing genomic prediction of herpesvirus resistance in oysters 
• Split population into training (80%) and validation (20%) sets 

• Mask the phenotypes of the validation sets 

• Use the genomic prediction model trained on the 80% to predict the 20% (GBLUP) 

• Repeat several times (5-fold cross validation), adjusted correlation (r) between estimated 
breeding value and trait value of masked individuals 

 

 

 

 

 

 

 

 

 

 

 

Sampled oysters with phenotypes 
and SNP array genotypes 

Genomic selection 



• Testing genomic prediction of herpesvirus resistance in oysters 
• Split population into training (80%) and validation (20%) sets 

• Mask the phenotypes of the validation sets 

• Use the genomic prediction model trained on the 80% to predict the 20% (GBLUP) 

• Repeat several times (5-fold cross validation), adjusted correlation (r) between estimated 
breeding value and trait value of masked individuals 

 

 

 

 

 

 

 

 

 

 

 

Sampled oysters with phenotypes 
and SNP array genotypes 

Genomic selection 



• Testing genomic selection for selective breeding in oysters 
• Genomic prediction (GBLUP) accuracies with varying SNP densities 

• Prediction accuracy substantially higher than with pedigree (pedigree h2 lower) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genomic selection 

• Low SNP density (<1000 SNPs) = improved 
prediction accuracy  

 
• Promising for cost-effective genomic 

prediction in oyster breeding 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Conclusions / Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

• Combined species 50K SNP array for C. gigas and O. edulis 
• Highly informative in C. gigas populations tested across the globe 

• Effective for detecting population and family structure 

• Oyster Herpes Virus resistance is controlled by several QTL 
• Moderately heritable oligogenic trait 

• Promising markers / genomic regions for further study  

• Genomic prediction effective with low marker density  
• Markedly higher prediction accuracy than pedigree, even with <1,000 SNPs 

• Potential for combined parentage / genomic prediction panel? 
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