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Nuclear Sequences from 
“single-gene” research

Immunity and disease (oyster, mussel) :
• Antimicrobial peptides

Byssus formation (mussel) :
• Foot adhesive proteins

Digestion (mussel, oyster) :
• Amylases, cellulases

Pollution and stress (mussel, oyster) : 
• Metalothioneins, HSP70

Shell formation (pearl oyster)

Development (mussel, oyster)



PGM

Glucose transporter 
(SGLT)

Glycolysis

(PK, hexokinase)

Glycogen metabolism

(GS, GP, PGM)

Gluconeogenesis

(PEPCK, G6Pase)

Enzymes in glucose pathway: 
characterized cDNAs (C. gigas)



Real-time PCR studies of genes invloved 
in glycogen pathway PGM : palpes, CN3, 13 juin
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cDNA libraries in Bivalves 

Species Tissue Author (lab)

Oyster CG Hemocytes Bachere, Escoubas (Montpellier)
Mantle Cunningham (Bergen)
Larvae Favrel (Caen)
Gill Rafferty (Galway)

Moraga (Brest)

Oyster CV Hemocytes,
embryos Chapman (Charleston, SC)
Gonad Liu (Auburn, AL)

Mussel MG Whole body Venier (Padova)
Sperm Cornudella (Barcelona)

Scallop AI Spat Roberts (Woods Hole MBL)



ESTs in Bivalves
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EST characterization of genes 
involved in relevant biological 
processes

Oyster CV – stress response 
(Chapman, SC) – 649 ESTs, 29 
potential biomarkers

Oyster CG – immune function 
(Bachere et al., Montpellier) – 
1200 ESTs, 20 immunity genes

– Stress response 
(Moraga, et al., Samain et al., 
Brest)

Mussel MG – genes expressed in 
normal life conditions vs. polluted 
– 524 ESTs (Venier; Padova)



http://www.ifremer.fr/GigasBase
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The second tool concern EST library; 
We used the hemocyte cDNA library generated from bacterial challenge oyster, described previously. 
A total of 1248 randomly selected clones were sequenced from the 5’ end, resulting in the characterization of 1142 ESTs. 
After Blast analysis against non redundant databases the ESTs were clustered into ten categories.

your attention on three points :
first, this kind of program generate a lot of data which are not ease to handle and which may be useful to other researcher . 
For the reasons we built a public data base where all ESTs information are accessible 
The second point concern the 56 ESTs homologous to genes involved in immunity, the classification of these ESTs is only based on sequence similarity and we have to investigate the real involvement of these genes in oyster immune response. 
The third point concern two clusters which represent more than half of the ESTs, and correspond to sequences which had poor similarity to other genes or which are homologous to genes of unknown function. It means that half of the date collected wasn't very informative. And, there is probably into these two clusters some genes involved in oyster immune response.  

One way to progress in gene characterization and of gene function is to analyse their expression.
We chose to use cDNA array to do it.
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The cDNA array can be perform at micro or macro scale.

And a cDAN microarray containing ESTs from two oyster species (Cg and Cv) is under processes in collaboration with Greg Warr at Medical University of South Caroline which is represented here by Charlie Cunnigham.

In my laboratory in Montpellier we develop a macro scale cDNA array firstly to study the immune gene cluster and secondly we develop a cDNA macroarray with all clones of EST library and SSH clones of A Huvet who is in of JF Samain team (2304 clones are in the nylon membrane only C gigas) . 




Studies of Genome Function
cDNA Microarray development

Oyster CV – Environmental genomics – development of gene chips for 
monitoring environmental pollution (mercury) (Auburn, US)

Oyster CG – For monitoring response to pathogens, to environmental 
parameters,  resistance to summer mortality (France)

Mussel MG - similar approach for hydrocarbon pollution (L. Cornudella; 
Barcelona)

MSSP (massively parallel signature sequencing)

Oyster CG – Heterosis - patterns of expression in inbred and hybrid larvae 
(D. Hedgecock, Lynx Therapeutics; CA, USA) 

Proteomics

Mussel MG and ME – proteome characterization (G. Alvarez, Spain)



BAC libraries in Bivalves

Only available in oysters (CG and CV)

Clemson University Genomics Institute (J. Tomkins)

Coverage 10X (CG) and 12X (CV)

Average insert size 134 Kb (CG) and 150 Kb (CV)

Available on line ($2304.00 /library)



Mitochondrial Genomes in Bivalves

Special mtDNA inheritance – DUI
2 genomes F and M, transmitted through females and males, 

respectively
Demonstrated in marine Mussels (Mytilidae),  freshwater mussels 

(Unionidae) and clams (Veneridae)

Complete mt Genomes sequenced
Mussel F and M (Brown, USA; Lunt, Hull; Zouros, Greece)
Clam F and M (Okazaki, Tokyo)
Oyster CG (Kim, S. Korea)



Constituted in 2003 PAG 
meeting
Coordination: Pr. Dennis 
Hedegeock
70 member laboratories
10 Countries: 6 European, 
Australia, Canada, China, 
Japan, USA

OGC requested JGI (DOE 
Join Genome Institute) to 
sequence C. gigas genome. 
This first request was rejected
because C. gigas genome is
too large
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Microsatellites in Bivalves

70

23

25

34

21

26

13

13

370

0 50 100 150 200 250 300 350 400

others

Scallop AI

Mussel MG

Freshwater mussels

Ostrea

Mercenaria

Anadara

Oyster CV

Oyster CG

nº in GenBank



PCR-multiplexed loci (Taris et al., in press)
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Mixed-family approach using 
microsatellite-based parentage analysis
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Linkage maps in Bivalves

Only available in Oyster (n=10)

C. virginica – X. Guo (Haskin SRL, Rutgers)
• 282 markers: 298 AFLP, 5 microsats, 2 EST 
• 12 linkage groups
• Physical mapping (FISH) in progress -

C. gigas – D. Hedgecock (USC, CA)
- 100 microsats, >1100 AFLP
- 10 linkage groups

– X. Guo 
- 96 AFLP



Female map: 12 LG, 86 markers, GL≈1020 cM
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Female & Male Linkage Maps of C. gigasFemale & Male Linkage Maps of C. gigas

Male map: 11 LG, 88 markers, GL≈776 cM

Heterogeneity of Heterogeneity of rr and gene order!and gene order!

Hubert & Hedgecock 2004 Genetics 168:351-362



Tagged F2 : Largest & SmallestTagged F2 : Largest & Smallest

35×51-1 F2
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2×10-2 F2
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Same QTL observed in samples of both indoor- and 
outdoor-reared, individually tagged juveniles

P = 0.05

P = 0.10
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