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From Rye et al., 2010 

Oysters! 4.6M mt #1 



Product from natural catch vs hatchery seed 

Japan and Korea 

China 
France 

Pac NW US 

Australia 
East coast US 
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Example oyster breeding programs 



Maine 

New Jersey 

Virginia 

Cold Water Physiology 

Juvenile Oyster Disease 

MSX Disease 

Dermo Disease 

Wide salinity variation 

Regional Challenges to 

Selective Breeding 

Gulf coast 

East coast US Crassostrea virginica 



Example oyster breeding programs 

• Crossbreeding, heterosis, 

C. gigas (Hedgecock & Davis, 2007) 



Example oyster breeding programs 

• MX, QX resistance, 

Sydney rock 

• OsHV-1 resistance, 

C. gigas 



Principal oyster breeding programs 

Programs and “links to production” 



Principal oyster breeding programs 

half shell only 

half shell,  

spat-on-shell 

50B 

half shell 

2B 

both 



Started:  1996 

Funding:  Special project – USDA  

   USDA + grant support    

   Grant support + donations from industry 

Traits:     Yield (growth x survival) – “generalist” 

 Color 

Molluscan Broodstock Program 



Started:  1996 

Funding:  Special project – USDA  

   USDA + grant support    

   Grant support + donations from industry 

Traits:     Yield (growth x survival) – “generalist” 

 Color 

Type of industry supported:  Eyed larvae (spat-on-shell) and half shell 

Molluscan Broodstock Program 



eyed larvae spat-on-shell 



Started:  1996 

Funding:  Special project – USDA  

   USDA + grant support    

   Grant support + donations from industry 

Traits:     Yield (growth x survival) – “generalist” 

 Color 

Type of industry supported:  Eyed larvae (spat-on-shell) and half shell 

Molluscan Broodstock Program 

Testing system: Commercial sites tended by industry 



~50 families, up to 2x/ year 

 

cooperating commercial farms 

Geographic range: 

California to Alaska 

Photos: C. Langdon 
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Started:  1996 

Funding:  Special project – USDA  

   USDA + grant support    

   Grant support + donations from industry 

Traits:     Yield (growth x survival) – “generalist” 

 Color 

Example results:  Improved yield 

Type of industry supported:  Eyed larvae (spat-on-shell) and half shell 

Molluscan Broodstock Program 

Testing system: Commercial sites tended by industry 
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Started:  1996 

Funding:  Special project – USDA  

   USDA + grant support    

   Grant support + donations from industry 

Traits:     Yield (growth x survival) – “generalist” 

 Color 

Distribution:  Families    “Pods” 

Example results:  Improved yield 

Type of industry supported:  Eyed larvae (spat-on-shell) and half shell 

Molluscan Broodstock Program 

Testing system: Commercial sites tended by industry 



MBP distribution of selectively bred “lines” 
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Started:  1996 

Funding:  Special project – USDA  

   USDA + grant support    

   Grant support + donations from industry 

Traits:     Yield (growth x survival) – “generalist” 

 Color 

Distribution:  Families    “Pods” 

Example results:  Improved yield 

Type of industry supported:  Eyed larvae (spat-on-shell) and half shell 

Molluscan Broodstock Program 

IP diploids / tetraploids:  Not exploited  /  No 

Testing system: Commercial sites tended by industry 



Started:  1997 

Funding:  Government project   

   ASI (breeding company) 

   Tax on seed goes to ASI 

ASI, CSIRO partnership 

Traits:     Economic weights 

 Survival – S. Australia 

 OsHV-1 resistance 



Economic model 

Economic weight for growth time
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Graphics credit: Peter Kube 



Started:  1997 

Funding:  Government project   

   ASI (breeding company) 

   Tax on seed goes to ASI 

Type of industry supported:  Half shell 

ASI, CSIRO partnership 

Photos: Peter Kube 

Traits:     Economic weights 

 Survival – S. Australia 

 OsHV-1 resistance 



Started:  1997 

Funding:  Government project   

   ASI (breeding company) 

   Tax on seed goes to ASI 

Testing system: Commercial sites tended by industry 

Type of industry supported:  Half shell 

ASI, CSIRO partnership 

Traits:     Economic weights 

 Survival – S. Australia 

 OsHV-1 resistance 



~ 50-60 families/ year 

 

Production traits 

• 4-6 test sites 

• commercial farms 

 

OsHV-1 

• NSW only 

• challenge 

experiments 

 

 

estuarine 

temperate 

sub-tropical 

Photos: Peter Kube 



Started:  1997 

Funding:  Government project   

   ASI (breeding company) 

   Tax on seed goes to ASI 

Traits:     Economic weights 

 Survival – S. Australia 

 OsHV-1 resistance 

Example results: Survival 

Type of industry supported:  Half shell 

ASI, CSIRO partnership 

Testing system: Commercial sites tended by industry 
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Started:  1997 

Funding:  Government project   

   ASI (breeding company) 

   Tax on seed goes to ASI 

Distribution:  EBVs released to industry; hatcheries decide what families to     

       use based on customer base 

Type of industry supported:  Half shell 

ASI, CSIRO partnership 

Testing system: Commercial sites tended by industry 

Example results: Survival 

Traits:     Economic weights 

 Survival – S. Australia 

 OsHV-1 resistance 



Started:  1997 

Funding:  Government project   

   ASI (breeding company) 

   Tax on seed goes to ASI 

Type of industry supported:  Half shell 

ASI, CSIRO partnership 

Testing system: Commercial sites tended by industry 

IP diploids / tetraploids:  owned by ASI but not exploited (industry tax) /  no 

Example results: Survival 

Traits:     Economic weights 

 Survival – S. Australia 

 OsHV-1 resistance 

Distribution:  EBVs released to industry; hatcheries decide what families to     

       use based on customer base 



Started:  1990s Bonamia resist. 

 2001 MOREST 

 2009 OsHV-1 

Funding:  Government project 
Traits:     Summer mortality 

 OsHV-1 resistance 

 Vibrio aestuarianus resistance 

Type of industry supported:  Half shell 

IFREMER R&D 



Seed production 

• 3 billion hatchery 

• ~7-25 billion wild caught 

 

130,000 mt product 



Started:  1990s Bonamia resist. 

 2001 MOREST 

 2009 OsHV-1 

Funding:  Government project 
Traits:     Summer mortality 

 OsHV-1 resistance 

 Vibrio aestuarianus resistance 

Type of industry supported:  Half shell 

IFREMER R&D 

Testing system:  IFREMER controlled sites according to project 



Started:  1990s Bonamia resist. 

 2001 MOREST 

 2009 OsHV-1 

Funding:  Government project 
Traits:     Summer mortality 

 OsHV-1 resistance 

 Vibrio aestuarianus resistance 

Type of industry supported:  Half shell 

IFREMER R&D 

Testing system:  IFREMER controlled sites according to project 

Example results:  “R” lines and resistant strains 



Realized heritability for resistance to 

summer mortality: 0.64 – 0.95, by site 

G2 

G3 

Degremont, Bedier, Boudry, 2010 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=http://en.wikipedia.org/?title=Oyster&ei=5zF_VYLwLNKXyATl44KwCQ&bvm=bv.95515949,d.aWw&psig=AFQjCNG_C0BalDBO2qMkNLA_CtutZjNK2g&ust=1434485608252439


2008 – emergence of OsHV-1µvar 

“R” line revived 

 

Tetraploid “R” lines developed 

RR 

RR 

x 

inhibit PB1 

RRRR 

RR 

RRRR 

x RRR possible commercially 



Survival of successive generations of C. gigas when exposed to 

OsHV-1 under field conditions 

L. Degremont et al., 2015 
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Started:  1990s Bonamia resist. 

 2001 MOREST 

 2009 OsHV-1 

Funding:  Government project 
Traits:     Summer mortality 

 OsHV-1 resistance 

 Vibrio aestuarianus resistance 

Type of industry supported:  Half shell 

IFREMER R&D 

Testing system:  IFREMER controlled sites according to project 

Example results:  “R” lines and resistant strains 

Distribution:  No distribution except for “R” lines 



Syndicat des Sélectionneurs 

Avicoles et Aquacoles Français  

research 

advisory and breeding services, 

breeding research 



Started:  1990s Bonamia resist. 

 2001 MOREST 

 2009 OsHV-1 

Funding:  Government project 
Traits:     Summer mortality 

 OsHV-1 resistance 

 Vibrio aestuarianus resistance 

Type of industry supported:  Half shell 

IFREMER R&D 

Testing system:  IFREMER controlled sites according to project 

Example results:  “R” lines and resistant strains 

Distribution:  No distribution except for “R” lines 

IP diploids / tetraploids:  “R” lines, diploid and tetraploid are released by  

             IFREMER; tetraploids sold to hatchery 



Started:  ca 1960 

Funding:  State “hard” money 

   IP revenues / seed sales 

Type of industry supported: Half shell – Northeast US 

Haskin Shellfish Research Lab 

Traits:     Disease resistance, growth – mass 

 Development of tetraploid lines – domestication 



Testing system:  Institutional, collaborators for special projects 

Haskin Shellfish Research Lab 

Traits:     Disease resistance, growth – mass 

 Development of tetraploid lines – domestication 

Funding:  State “hard” money 

   IP revenues / seed sales 

Type of industry supported: Half shell – Northeast US 

Started:  ca 1960 





Project sites / germ plasm sources 
Rutgers breeding program 



Example results:  MSX resistance 

  JOD resistance 

  Mechanism of Dermo resistance 

Haskin Shellfish Research Lab 

Testing system:  Institutional, collaborators for special projects 

Funding:  State “hard” money 

   IP revenues / seed sales 

Type of industry supported: Half shell – Northeast US 

Started:  ca 1960 

Traits:     Disease resistance, growth – mass 

 Development of tetraploid lines – domestication 



Diseases 

MSX 

Haplosporidium nelsoni 

Carnegie and Burreson, 2011 

• Introduced to East coast 

• Highly heritable – few genes 

Dermo 

Perkinsus marinus 

• Endemic to East coast 

• Polygenic, low h2 ? 



Distribution:  NEH, NEH hybrids (for JOD) / tetraploid NEH  

Haskin Shellfish Research Lab 

Testing system:  Institutional, collaborators for special projects 

Example results:  MSX resistance 

  JOD resistance 

  Mechanism of Dermo resistance 

Funding:  State “hard” money 

   IP revenues / seed sales 

Type of industry supported: half shell – Northeast US 

Started:  ca 1960 

Traits:     Disease resistance, growth – mass 

 Development of tetraploid lines – domestication 



Funding:  State “hard” money 

   IP revenues / seed sales 

Distribution:  NEH, NEH hybrids (for JOD) / tetraploid NEH  

Haskin Shellfish Research Lab 

Testing system:  Institutional, collaborators for special projects 

Example results:  MSX resistance 

  JOD resistance 

  Mechanism of Dermo resistance 

IP diploids / tetraploids:  Both diploids and tetraploids licensed to hatcheries 

Type of industry supported: half shell – Northeast US 

Started:  ca 1960 

Traits:     Disease resistance, growth – mass 

 Development of tetraploid lines – domestication 



General summary of oyster breeding 

• Comparatively, oysters originating from hatcheries is a small percentage 

of world production 
 

 

• Australia, Pacific NW, East coast US, and France are principal locations 

for hatchery production 
 

 

• Sustained funding for oyster breeding is rare, often dependent on 

individual effort 
 

 

• Disease resistance is a prime motivator for entering a breeding program 
 

 

• Without a disease, it is hard to convince growers of the long term value 

of breeding 
 

 

• Triploidy is major contributor to genetic improvement, impelling tetraploid 

production 





Example oyster breeding programs 


