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Introduction

We are missing a few people due to inclement weather and lots of problems with travel.  They may be arriving later in the day.

Roberts 


Allen

Lindell

Boudry

We do not have a USDA representative in attendance today. Our previous representative, Dr. Sandra Ristow, retired. Our current representative, Dr. Jan Auyong, had a family emergency but she plans to be attending next year.

Next year's meeting will take place in conjunction with the NSA meeting in Providence, RI.   Marta Gomez-Chiarri will be chair for the meeting next year.

Thank you to the VIMS Director of Research and Advisory Services, Dr. Roger Mann, who provided the funding for the audio-visual equipment at this meeting.
Station Reports
Kim Reece VIMS: Bivalve Genetic Studies

Genetics of the disease organisms and genetics of bivalves

Developing molecular genetic markers focusing on three bivalve species

· Crassostrea virginica native

· Crassostrea ariakensis-Asian non native

· Mercenaria mercenaria-native hard clam

Native Oyster work
Monitoring the oyster restoration efforts in Chesapeake Bay

We don’t have all the basic genetic information about oyster populations in CB

· Population genetic structure? Are there distinct populations genetically and does it mean anything?

· Effective population size in CB and how would selectively bred stock impact this

· As a group of geneticists, we don’t necessarily agree—no clear answer to this question. 

· What are the larval dispersal patterns around restored reefs where hatchery animals have been planted?

Using molecular markers to track what happens to the oysters deployed on reefs?  

· Do they reproduce? 

· Genotype the spat fall

· Are progeny purebred deployed or wild oysters or hybrids?

· Do the deployed oysters survive?  How long?

· Yearly genetic assessments of oysters at experimental deployment sites (since 2002) 

· What impact do they have on surrounding populations? Screening populations-follow though time 

GWR has been seeded multiple times over the years with several different stocks.  Since 2002, primarily DEBY deployments as part of experimental design to track success of planted oysters. 


To date, 10 million animals deployed. May not ever reach the 15 million goal

Why did we chose DEBYs for the GWR experiment

· DEBYs are genetically unique in the MtDNA (B allele)—inexpensive and simple to look for pattern in progeny

· Frequency of the B alleles is low in natural populations (<2%) and high in DEBY (25-50%)

Have the deployed DEBYs contributed significantly to spat production in GWR?

· 98-99% of spat collected show AA pattern—no signal from DEBY

· Is there some selection against the BB? We don’t think so based on microsatellites

· Only 1 individual confidently assigned to DEBY. 10% may be hybrids

· Overall, data suggest DEBY contribution has been low

· Predation, poor survival and reproduction

· Recently, much larger deployments with efforts at protecting the plants

· This year, will outplant as spat on shell

C. virginica populations in CB using microsatellite markers

Some evidence for population structure but it is not strong structure

· Using 4 microsatellites now, will be using 8-10 in future studies.

· Is this structure relevant? Is there genetic exchange between these populations?

· Microsatellite markers allow clear discrimination between hatchery lines and natural populations

· Have the power to look for hybrids now and can determine with 70-90% confidence whether it is a hybrid, or pure wild or pure hatchery individual.

· Factorial correspondence analysis of simulated hybrid progeny (Genetix and Hybridlab)

To date there is little evidence of aquaculture having a genetic impact (preliminary)

· Analysis of oysters collected near 2 farms growing DEBYs

· Only 1 animal assigned to DEBY, 99 significantly did not assign to DEBYs.

Genetic Analysis of Crassostrea ariakensis

· Looking at structure in Asia

· Identification of the oysters is a critical problem—60-70% of animals brought into the lab WERE NOT ariakensis

· Developed a genetic key as identification is a large concern

· Examined genetic variation and differentiation (population structure), among natural populations of the C. ariakensis from China, Korea, and Japan

· Examined hatchery stocks and see if they have reduced genetic variability

· Show reduction in genetic diversity compared to wild populations

· Oregon strain is relatively inbred

· Hatchery lines quite distinct from wild populations. Hatchery stocks, even after a single generation, don’t group with their source populations.

· Reported range of ariakensis is too large—most ariakensis is being found only in Japan and Northern China (not India, Malaysia, etc).

· But even from these areas, there are many species that may look like ariakensis

· Microsatellites clearly show distinct differences between Japan and Southern China and Northern China

Hard Clam (Mercenaria mercenaria)

Wild populations have declined and aquaculture is growing rapidly

What is the natural pop structure? What is the impact of aquaculture on wild stocks?

Developed Microsatellites (now using 7)

Lots of null alleles or multiple allele amplifications (no different from oysters, lots of difficulties)

SNPs (now using 11)

Do see significant differences between wild populations and among the hatchery stocks.

Virgina stocks from 2 different hatcheries are significantly different

MA, VA, and SC stocks all distinct, with MA showing highly significant differences

Questions: Is anyone looking at gametogenesis of the DEBYs to see if they are spawning or synchronously spawning with the wilds? Answer: yes. 

Even if you see genetic structure, it is a huge jump (especially given the history of stocking in CB) to say that populations are locally adapted. 

Scant evidence for Bonamia sp. transmission directly from ariakensis to ariakensis.  If you plant the oysters in a Bonamia-infected  area, they develop bonamiosis.  But if you take these infected oysters and rear them in a pond with naïve oysters, the naïve oysters don’t get infected

Farm: wild interactions in hard clam world—just doing the analyses.  

Ryan Carnegie VIMS Shellfish Pathology Laboratory

Lab functioning for over 50 years—focus on oysters

Health management in wild and cultured shellfish populations and oyster conservation

Focus on Haplosporiduim nelsoni (MSX disease) and Perkinsus marinus (dermo) in C. virginica

How can impacts of disease on oysters be mitigated?

Can aquacultured populations be managed as sinks rather than sources of parasites in natural systems?

· Manipulate strain/ploidy, planting/harvest etc so they are not exporting parasites into wild oyster beds

Can evolution of disease resistance/ tolerance be promoted among oyster populations?

Resistance: ability of a host to inhibit the activity of a parasite: preventing colonization of tissues (in the case of MSX) or restriction of proliferation within the tissues.

How do natural oyster populations “work”—persist in disease intense waters despite MSX and dermo.  Why do dermo disease impacts continue to be high?

Current understanding: While resistance to P. marinus is evident in domesticated oyster lines, natural pops are considered highly susceptible and are sustained by either

· Recruitment derived from susceptible stocks in low salinity parasite refuges or

· Reproduction of small, susceptible and doomed but pre-dermo individuals (the industry perspective; P. marinus infections increasing with age, larger oysters are unable to contribute reproductively)

But seeing signs that these assumptions are not valid

Contribution from parasite refuges is suspect

· Truly naïve oysters really do just die

· Oysters from low salinity refuges experience very high disease mortality when transplanted to disease intense waters

· Oysters from low salinity refuges are dissimilar in disease performance to oysters from disease intense waters, which are more similar in disease and survival to DEBYs 

· If DEBYS are considered disease resistant, why aren’t the wild oysters in this system considered disease resistant if they look the same in regard to disease and mortality?

Size-specific oyster mortality is suspect

· We do not see a strong increase in mortality and disease with size and age in natural systems

·  Smallest oysters are generally healthiest, but the next healthiest are very large animals. Peak disease levels are found in intermediate sized oysters.

· Even in a disease intense environment, many/most oysters have infections not reaching moderate intensity (IE, they are healthy enough to reproduce)

· Large/old oysters tend to be healthy and are presumably very fecund; these animals are particularly abundant in “sanctuary” areas

· Larger size classes show a disproportionate number of animals with some resistance and tolerance to disease.

· Is a disproportionate reproductive contribution from these animals driving the evolution of natural dermo resistance? (Does this explain the similarity in disease profiles to DEBYs?)

· Is the resistance and tolerance displayed by the large survivors heritable?

· Will size specific condition indices and reproductive metrics support this scenario? (2007 work)

· Will size specific mortality data support this scenario? (2007 work; James River 2006: YES).

· Does this scenario characterize other populations from disease-intense waters (VIMS SPL 2002-2006 dermo data: YES)

· Big question: If this is really what is going on, how might this information be used in an oyster conservation context?

· Perhaps continue to work to create sanctuaries so that we can leave the larger oysters alone 

· Slot limits? The largest oysters in the population are simply put back on the reefs and left alone

Questions/Comments: 

Could track disease levels in some of these oysters in hemolymph a few times a year

Marta: if you infect oysters, at 10 days, all have moderate to high infections. At 35 days, some have low infections and are able to keep the parasite in check, but some still have very high infections.

Intensification of dermo in the 1980s.  Used to kill oysters in their 3rd year (giving them 3 times to spawn—low selective pressure.  Now kills 1 year old oysters—much higher selective pressure.

Ximing Guo: Oyster Genetics and Breeding at Rutgers

Selective Breeding

Cross-breeding of selected strains (Rawson)

Cytogenetics


Evaluation of interstrain triploids

Flurescence in situ hybridization

Molecular Genetics and Genomics

Marker development: SNPSx, EST-SSRs

Mapping of disease resistance QTLs

Identification of host defense genes

Other

C. ariakensis survey in China

Interstrain triploids

The Rutgers NEHY strain

Strong resistance to MSx, moderate resistance to dermo but unremarkable growth

The Flowers strain

Fast growth and selected for JOD resistance but susceptible to MSX and dermo

Want to combine favorable traits!

The diploid hybrids outperform either parent stock by 10-20%

Triploids grow significantly faster than diploids

Do interstrain triploids combine desirable traits from 2 strains?

Does interstrain hybridization further enhance the performance of triploids (because of increased heterozygosity)?

Preliminary Results

· At 15 months, the interstrain triploids hybrids are performing a lot better in Cape shore. In NJ, both triplods are doing better than any diploids.

· Triploids show lower mortality (caused primarily by JOD—may show higher survival because they are larger)

· Relative Yield of the triploid interstrain hybrid is 192% better than the Rutgers diploid.  In Katama Bay, both triploids perform a lot better than diploids. 

Molecular Genetics and Breeding

Identification and mapping of disease resistance genes

Marker-assisted selection

Progress in marker development

119 MS were developed from ESTs

These MS may be more transferable than genomic microsatellites. In 86 msats, Hedgecock found 12.8% crossamplification between virginica and gigas.  The EST method showed ~30% crossamplification. 

500+ SNPs were identified in 200+ genes

SNP assays were validated for 52 genes

Progress in mapping

15+ reference families were produced, deployed and challenged with disease

2 genetic linkage maps created

More….

Markers significantly affected by dermo mortality cluster together---there is a gene some where near these clusters related to resistance.  Needs to be confirmed in another family.

Looking for host-defense genes (with John Liu’s group at Auburn)

Notable:

· Triploids can increase yield by 82-192%

· 12 putative Dermo-resistance QTLs have been identified and mapped; co-dominant markers added

Question: can we confirm these QTLs for marker-assisted selection?

University of Maine / Rawson

Truly collaborative effort from industry, government, academia

Low budget—rely heavily on growers to put bags in the field and run the experiments

Concerns over inbreeding in the UMF (UMaine Flowers) Stock

Around 2002, one of the first concerns was inbreeding

In 2003, new stock from Flowers (FMF) and Rutgers (UMFS) and did interline hybrids

· UMFS X FMS and UMFS X NEH

· Outplanted at a range of sites in Maine

· Looked at growth, survival, and yields. 

Results

· Deployed late (asking for JOD)

· Saw highest mortality in NEH and FMF the UMFS X FMF was at least equal to and in some cases performed better than the Maine stock. UMFS X NEH didn’t perform as well. 

· Deployed on time 

· JOD has much less of an impact—very low mortalities.  Best performing is UMFS X FMF, but FMF also did quite well.  NEH did poorly.

· Continue mass selection based on size with UMFS and UMFS by FMF

· UMFS X FMF shows 10% greater yield than UMFS

· No good data, but think the cross is relieving some inbreeding pressure

· UMFS by FMF broodstock distributed to hatcheries in Feb 2007

Interest in developing multiple disease resistant oysters so that sites south of Maine may be interested in Maine oysters

· Goal: Identify oyster lines demonstrating highest yield overall across sites impacted by JOD and MSx.

· Status: Delyaed by 1 year; broodstock conditioning Feb 2007

· Partners: Scott Lindell @ MBL, Ximing Guo @ Rutgers

Questions: value of shellfish industry in Maine. 1/60th of Salmon. West Coast answer: Conceivably 1% of gross sales could go to research, lobbying, etc….more than that is intolerable.  

Maine has 4 commercial hatcheries….unique on the East Coast, unique position to be in for setting up a breeding program. Controversy around who gets extra seed…one hatchery to another or the hatchery to growers. 

Marta Gomez-Chiarri University of Rhode Island : Immune defenses in oysters

Goal: find mechanisms of disease resistance in oysters

Interested in host-pathogen in oysters

Exploiting existing resistance strains

Want an easier way to evaluate resistance of all these strains

Subtractive hybridization to see gene expression in response to infection

Mechanisms of pathogenesis

Role of molecules in immune response (inhibition, over expression) 

integrate with mapping to ID markers for selection—than use this information to develop new strains

Evaluating disease resistant strains

CROSbreed, DEBY, NEH (Rutgers), FMF (Flowers) and a local strain for Greenhill pond which has had heavy MSX and Dermo exposure

All the sites in RI are high salinity sites

Testing lines in RI

Lines tested

· NEH, FMF, GHP

· Field performance in 3 sites

· GHP experienced least mortality, NEH in the middle and flowers the most

· Mortalities and levels of dermo varied by farm but overall flowers showed the highest mortality.  But if you count yield, no difference in lines. 

· Lab experiments

· Infected the seed and after 50 days, had high levels of mortality

· Mortality in controls and infected, because controls had developed infection in field

· Have to consider the “infected” treatment mortalities as a combination of strain they picked up in the field and strain they were exposed to in the lab

· When infected, all 3 groups had similar infection levels and mortality

· Flowers showed highest mortality

· GHP, the controls had much higher mortality than the infected

Survival depends on:

Line 

oyster age

environment 

pathogen strain

FMF showed the highest levels of Dermo infection and mortality in both field and experimental challenges

Isolation and Characterization of Matrix Metalloproteinases in Oyster Genomes

Cloned and sequenced 2 MMP genes in oysters (both C. virginica and C. gigas)

Produced antibodies against oyster MMPs

Screened BAC libraries for MMP genes

Allows us to study the activity and regulation of MMPs in different lines of oysters in response to infection. 

Conclusions

At least 2 different MMP genes in virginica

Cv1MMP levels in serum are negatively correlated with whole body burden

Cv1MMP is produced in hemocytes and the lining of the mantle—also seen in the digestive gland (involved in digestion?)

Levels of protease increase with dermo infection—an interaction between the oyster and the parasite

Results suggest a potential role for MMPs in immune defenses in oysters:

· Secreted by hemocytes and cells in mucosal barriers (mantle, digestive)

· Levels in serum affected by levels of infection

Ongoing and future work

Map mmp genes

Characterize genetic variation in MMP genes in oyster strains

Characterize processing and regulation of oyster MMPs

Determine which population of hemocytes produce MMPs

Inhibitor and over-expression studies

Questions: What are MMPS? Involved in degrading the interstitial tissue (collagen, gelatin, casein).  Produced by cells when they want to migrate. Produced and secreted by cells. At least 25 MMPs in vertebrates, 2 in oysters.  In vertebrates, pretty specific functions.  

John Scarpa: Overview of the HBOI Molluscan Research Program (Fort Pierce, Fl)

Shellfish retraining programs: 

Community based training in response to decreases in natural fisheries, closure of fisheries, and net ban

Over 500 people trained

Enhancing Production of Cultured Hard Clams (Mercenaria mercenaria)   in Florida

Hypothesis: Hard clam mortalities from summer stressors can be reduced by creating sterile clams through triploidy

Created replicate diploid/triploid families

Compared growth & survival

Creating triploids was more difficult than expected—ranged from 0-93%

:

With three separate families, see triploids underperforming in 3 week lab experiments

But major question is survival in the field

Triploids again are smaller and have less meat weight, but the condition index is better.

50% of diploids had spawned, none of the triploids had (triploid sterility successful)

This summer, bar any hurricanes hope to get some results

Sunray venus clams: new species to diversify the Florida hard clam aquaculture industry

Hypothesis & Objectives

Can we culture these using hard clam culture methods?

Brought in Broodstock

Able to get a couple to spawn—only one dissertation done on these animals and it was believed that they were Fall spawners

Ready to settle after 7-8 days (similar to hard clams)

Substrate seems to enhance post-set

Clams are now being placed out with farmers to grow out and put in the field, have test market at wholesalers and restaurants

Post-project: if this clam performs as expected in grow-out and is accepted by consumers the potential for this species to diversify and expand the clam culture industry is great.

This clam does seem to have a sand pouch—grit factor.  Maybe better for the sushi market than the half-shell

Conch Heritage Network: The Queen Conch is a species of concern

Recent advances—lifecycle is getting closer to being closed. Bring adults into the lab and they will mate there and produce egg cases that can be raised in the lab.

Savetheconch.org

Looking at other conch species for marine ornamental industry and conch pearls

Aquatic animal health laboratory: diagnostic and analytical services

Species: shrimp, fish, bivalves

Services for shrimp: dot blot, PCR, histology

Harbor Branch Clams, Inc: Produce approximately 30% of clam seed for Florida and also supplied Georgia, Carolinas and Virginia

Support hatchery for the industry

About five years ago, turned hatchery into private industry because industry thought it was being subsidized by the non-profit and not competing head-on.  HBOI stopped teaching hatchery classes etc.  However, after the hurricanes of 2004 and reduced funding, it was determined that the hatchery was not supporting itself and was closed in Dec 2006.  Many hatchery items are being given to a local hatchery operator to continue producing hard clam seed.  The HBOI Experimental Molluscan Hatchery is not affected by the closure of the hard clam seed production facility.

Questions: Word on the street about triploid oysters is that they don’t perform well in stressful situations.  Given that the triploids don’t even perform as well as the diploids, I wouldn’t be as optimistic…

Taylor’s is looking at triploidy in Geoducks and manila clams---no benefit to growth like you see in oysters….

Molluscan Broodstock Program/ OSU (Ford Evans and Chris Langdon)

In 2004, implemented a rotational breeding program to control the rate of inbreeding within lines. But we may be setting ourselves up for outbreeding depression, or breaking up some of the beneficial gene clusters of these very successful lines.

Each cohort has controls consisting of families derived form “wild” and industry non-selected broodstock. Most selected families have improved compared to the controls.  On average, there is 16.7% improvement in yield per generation and there is fairly high heritability (0.46) for yield.

Different lines (a line being a series of cohort generations derived from a single founding cohort) show markedly different responses to selection.  Yields of some selected families of Cohort 14 are 3x better than the control while selected families of cohort 10 are, on average, not as good as the controls.

In 14 (the Pipestem line), most of the increased yield is due to survival, not increased body weight. This line appears to be much more resistant to summer mortality.

· This line will continue to be bred to itself in addition to being included in the breeding rotation….

· The parental families of the two best lines in group 14 (Adam and Eve and Yin and Yang) will be used to create inbred lines that can then be crossed  for large-scale commercial production

Phenotypic variation in oyster shell pigmentation: What is the feasibility of developing light and dark pigmented lines?

· Total shell pigmentation is highly heritable (h2=0.68)

· Develop light and dark lines independent of high-yielding lines

· May involve fixing major genes (Hedgecock, 2006) 

· In one cohort and in two families there is a 3 to 1 segregation (3 lighter: 1 darker). In another family, there is a 1:1 segregation

· Appears to be a single gene with major effect

· Recessive allele codes for darker phenotype and dominant codes for light

Other interests:

· Pigmentation banding pattern

· Correlation between top (right) and bottom (left) shells

· More often than not, bottom shell is darker than top

Post-harvest oyster quality in Alaska

Cooperative effort OSU, Alaska Sea Grant, Fishery Industrial Technology Center

Industry based on the half-shell market

Initially examine the effect of family, season and growing environment on:

· Condition index

· Glycogen

· Protein

· Lipids

· Moisture

· Ash

· Shell shape

· Shell pigmentation

Questions and Comments:

Distinguish between families and lines. Family is a single pair cross, a full sib family. A group of 50 or 60 families make up a cohort. A line is defined here as a series of generations of cohorts ultimately derived from an initial founder cohort made up of oysters collected from a specific location. For example, we have a Pipestem line that is derived from oysters collected from Pipestem Inlet, Canada.

Is outside shell coloration correlated with mantle coloration? Some evidence for a correlation. 

In Mytillus edulis, there is a color polymorphism based on a single gene (blue black vs brown black) while no one has been able to tease out the striping. 

How do you avoid inbreeding and still be able to use heterosis? Two strategies: maintain the excellent Pipestem line with inbred families but also carry out a rotational breeding with other cohorts.

Aquaculture Genetics and Breeding Technology Center 

VIMS Stan Allen

Two basic approaches for environment by genotype interactions

· Mass selection of a line over time (started with 2 lines, now we have 13)

· Recently started family selection

· Can do 50 families a year

8 lines were tested from 2004-2006

· XB, DB, DXB (DB x XB), DMP (DB X MB): Superior disease resistance

· 4 lines from Lousiana: DBLA ( DB X LGT) LGT, OBOY, and CAM X XB

· And a wild control (MB)

The lines were outplanted in areas of low salinity, high salinity and areas of different disease pressure.

Contribution of diseases to mortality

· High MSX pressure at 4/5 sites, with 1 site showing high pressure from dermo

· Most of mortality coming from msx….how can we impose dermo mortality when MSX takes such a toll?  How can oysters develop resistance to dermo specifically 

Cumulative mortality of cohort 1 in higher salinity environment:

· Virginicas problem, they make a living by dying.  Wide range: from 95% to 10% with average cumulative mortality 65%

· Most important part of yield is survival, it isn’t the growth part

· Average yield=30+ 16kg

In lower salinity environment:

· Average mortality and yield is higher in low disease pressure environment

Species-ploidy comparison

· Put out 3 batches of 3 diploid virginica (highest mortality), 3 triplid virginica and 3 triploid ariakensis (lowest mortality)

· Triploid Ariakensis always came up best for mortality and weight. The combination of mortality and weight makes the yield really, really high. 

· Triploid ariakensis Always biggest

· Triploid virginica in the middle

· Diploid virginica the smallest

The developing faces of seed production:

· Both genetically improved brood stock and wild brood stock vary in resistance 

· Private aquaculture in CB is using the disease resistant stocks—inconceivable that anyone would use wild

· Public Spat on Shell (SOS) restoration (conservation, no take) is using mostly wild stock—but some talk of public SOS repletion (take). 

· Private SOS planting: very effective private activity in the Pacific Northwest that isn’t being done yet in CB. Putting the spat out there, letting nature take its course and then collecting it 2 or 3 years later.

· All of this (except public restoration) can be either diploid or triploid.

Oyster harvests from fisheries and aquaculture

· Fisheries are unpredictable but aquaculture is predictable and is predicted to overtake $ in fisheries soon. 

SOS production in Virginia has increased from under 10 million in 2005 to 100 million projected in 2007. 

Questions and comments: 

Rankings of your families changed so much, you don’t have the generalist that MBP has.  Maybe because Virginia only has 2 sites…and a lot more environmental variance in CB than in PNW—salinity variance alone is outstanding (10ppt to 32ppt), different assemblages of food, different disease pressure, etc. 

Could you benefit by taking the marginally best families and hope that working with them brings up something of a generalist?  Great survival in one location, mediocre in others?  MBP focuses only on the generalists….west coast hatcheries just produce huge batches of seed and give it to everyone. 

If I were a grower in Virginia and the option was to get seed that survived well vs. seed that didn’t survive well, that is a huge choice. Hatcheries should be able to charge quite a bit for the “good” seed, which might justify the added headache. 

Some of these lines are well along in selection and are very MSX resistant.  Other lines are way behind. 

Once you get these lines MSX resistant, they pretty much asymptote in terms of their survival.  You don’t need complete disease resistance, you need economical disease resistance. Once they are over their survival hump, then you can focus on growth, etc. 

Need to analyze the contribution of diseases to mortality line by line---as the lousisana stocks can’t handle MSX, die quickly and skew the results. 

Joth Davis: Taylor Resources Hatchery
Bivalve Culture in Puget Sound

Pacific oyster, Kumamoto oysters, European oyster, Olympia oyster, Manilla clam, Mussel, geoduck

Mostly introduced

Original WRAC project Objectives:

Research Component: Five objectives for improving the efficiency of testing the crossbreeding potential of inbred lines

Many goals: but will focus today on production and testing the performance of hybrid oysters (TRI)

Major Products

· Evidence for growth heterosis

· Physiological and genomic predictors of hybrid yield

· A two tiered hybrid testing program

· Methods and protocols for testing yield

· Inbred line inventory

U.S. Corn Yields & Kinds of Corn

Hybrid crossing in corn upped the overall yield—forms the basis of our work in oysters

2001: trying to correlate adult yield with yield at certain seed stages

Yield Heterosis in Controlled Crosses of Inbred lines of the pacific oyster

6x6 and 7x7 are small, by 6x7 and 7x6 are big!

Heterosis in hybrids compared to inbred lines—but how do the hybrids compare to industry standards?

If commercial utilization of crossbreeding is to be used, it is dependent on enhanced performance characteristics in hybrid lines

· Field testing of high performance hybrid lines compared to commercial controls

· More…

2 separate pair-mated families produced per hybrid combination

Put them out at the field in replicated cages

Measured them at 120 days

Rotating bag system on longlines is effective at growing seed that are uniform in shape and size

Phase II: Interim Measurement

· 2 families per line; 6 replicate cages per family (grown at same tidal height)

· At 120 day measurement, many of the lines did better than the Wilapa Wild—we’ll see what it looks like in 12 months. 

· Many of the hybrids did better at the interim than Wilapa wild—offers some hope that hybrid crossbreeding is a good way to stumble upon high yielding lines. 

Taylor Breeding Schedule 2007

· Taylor’s lost over 1 million$ due to summer mortality—really want to get some resistant lines!

· Deployment of 50 families (random Dabob Bay pairmatings) in mortality prone bays from Fall 2006 production

· Production and deployment of 49 lines (full factorial design using 7 surviving inbred lines from MBP that have gone through same summer mortality selection)

· All these lines derived from line 14 (pipestem)

· Production and deployment of 50 random pairmatings from Willapa Bay naturalized oysters

· Two Test Bays

Eastern Oyster Model for broodstock development

· Ripe eastern oysters imported into Oregon

· Sperm extracted and cryopreserved

· Individual oysters assessed for suite of pathogens by histology and PCR

· Pathogen free Maine oyster’s sperm utilized to make lines (multiple parentage) with west coast female oysters (Boundary Bay and Maine stocks) in 2006. 

Kumamoto Oyster Developmnet

Need to increase genetic diversity of hatchery broodstock

History of project

· Langdon and Davis visit Ariake Sea in 2003

· Return with kumo looking oysters but all C. gigas

· Made another trip that was successful!

· Typed these oysters in the lab in Japan which was easy and helpful

Kumamoto Oyster Development

Collect PCR verified kumamoto oysters

Work to secure long term quarantine facility for holding seed for later use as broodstock

Advances in seed testing:

· To test different seed growing systems for their use in breeding programs

· Need for ease of use by shellfish breeding programs

· Need for inexpensive technology

· Need for system that reduces environmentally induced variability between replicate cages. 

· Results

· Cylinder produced much better weight gain and the least variation—much bigger oysters that are uniform in size

· All you need is an subtidal longline

· Put a piece of window screen that is velcroed on and removable---you can put very small oysters in (1000-2000). Once they graduate to holding at that mesh, we put about 200 per cage. 

· Efficient! Grow quickly, uniform, not a lot of sieving—80 days in system max from the time you put them in to the time you harvest them. 

Questions and Comments:

Why restrict yourself to Japan when you are looking for Kumos?

No good reason….that is where we thought we would start.

Is summer mortality completely a Taylor initiative?

No.  MBP is certainly involved but it is Taylor’s focus to put out lines in bays where Taylor’s grows. Taylor’s is very specific about geographical area. 

Stan doesn’t feel good about the west coast getting ramped up to do Virginica. But he suggests since we have MSX out there, we get some MSX resistant lines.

Jason Curole: Update from Hedgecock lab

Larval heterosis: consistently observe heterosis at the larval stage and at the adult stage

Larval size distribution

· As a population, hybrids show a tighter distribution with regards to size than do inbreds (hybrids are more consistent in size)

ODRP

Looking at summer mortality

· Ling Ling Wong 

· Drilling and hemolymph sampling technique

· Families made and pregenotyping is underway

Kumamoto

· Trip to Japan to retrieve Kumamoto oyster

· Gang Li tested C. gigas microsatellites using Kumamotos

· 94 amplify well, 83 polymorphic

GenEn

· NSF Genomicallly Enabled Organisms

· Midway through project

· Larval QTL analysis-measure and genotype larvae

· Identify lethals in families generated from wild stock

· Look at frequencies of lethals in wild animals

· Model development

· Expression profiling

USDA (finished)

· Manuscripts in prep

· QTL analysis done for: 

· Sex, color, shape, growth


Fellowship (Jason Curole)

· SNP data (in prep)

· 2006, F2 family made and harvested in November

· Extracted DNA and RNA from 50 animals

· Expression QTL

· Mitochondrial MPSS

Seeing a maternal effect on mitochondrial expression

· Also reciprocal effects that can have significant effect on animal growth

· Can break it down into 2 terms (m is the mitochondrial effect while nm is the nuclear, mitochondrial interaction)

· Q10 values calculated for growth rates compared between hybrid genotypes… more

Questions and comments

 suggested using a dremel tool to notch the side vs. drilling

Why are standard deviations smaller in hybrid crosses than in inbred crosses? Don’t know, it is something that we’ve observed, it’s significant but….?

JGI: Oyster Genomics Work

Jason Curole (Hedgecock)

JGI Oyster Projecct

Paired-end sequencing of 150,000 cDNAs

· Libraries

· 2 pre-feeding larval stages (2-12h, 15-30h)

· Gill amntleand adductor muscle from adults exposed to normal and stress conditions

· 2 feeding larval stages (6d, 16d)

· Inbred lines 35 and 51 for SNP discovery

Preliminary Results from OX

· 1536, 5’ sequences

· 1208 high quality

· 1000 non MtDNA

· 942 EST clusters

· 558 hits in genbank

· 666bp, mean contig

It looked good so JGI went for a full production run.  Alas, those did not look as good.

· E-coli contaminants in sequences

· 40,000 files that will be going through the pipeline in the next few weeks about what those look like

· Next set of libraries will be adult, stressed ones

At the plant and animal genome meetings, the only oyster people there were Dennis, Jason, and Pat Gaffney. Discussion in the past about making a publicly available mapping family. Take two families (especially 35*51) and generate 2 plates of F2 individuals—then anyone could genotype any marker they want to genotype and plug it into the dataset and put it on the map. Instead of having multiple independent maps that don’t tie together, we can have at least one map where everyone ties together.  This could be on Iowa State’s bioinformatics website for agriculture and aquaculture. 

Oyster Genome Project should organize and get funding for an international workshop.  One approach is to go to multiple countries (US, Japan, France) rather than just going to JGI to get the entire thing done. People (Dennis, Kim, Xie Ming) planning to submit a proposal. Submit the proposal in May for a Fall workshop. Center this workshop around: how do we get the oyster genome sequenced? Bring in speakers who have expertise. With any luck this workshop will be Fall of 2008.

The first time the oyster genome project proposal was submitted, it was ranked 4th.  But now JGI is focused on their mission of carbon sequestration—which means sequencing microbes and trees. 

Questions and Comments : 

What is the time frame for the BACs?  Does not know.

Are results posted on website?  No, not anywhere yet.  Will need to go through a QC analysis before they are published anywhere, then JGI will do a mass dump to genbank.

Full production run was less encouraging, but it is still very good. 

Conversation about Summer Mortality

But Dan and Pierre are still out due to weather, so Joth presenting
Pacific Oyster Summer Mortality Disease on the U.S. West Coast: 50 years later

History on US West Coast

· Moralities first reported in the late 1950s with losses up to 50% by 1960s

· Prompted a long term study summarized by John Glude

· Paralleled observations in Japan

· Focus was on growth, mortality, reproductive condition, disease, water quality

· Entirely based on imported seed from high and low mortality sites and limited local production

· Generally similar to observations from Japan

· Disease organisms were rare, or were associated with other pathologies

· Elevated temps and turbitidy appeared to be linked to increased mortalities

· Seed source experiments were unclear—a low mortality source did not lead to increased survival

· Thought that hatcheries could be used to select for survivorship

· High surviving lines were identified but they were runts (high glycogen, low growth)

· Mortalities declined after early 70s

· All started up again in 1990s

Recent research

· Identify environmental factors triggering a mortality-inducing stress response;

· Evaluate the relationships of culture practices to oyster survival

· Assess responses to potentially harmful phytoplankton

· Begin research to determine genetic characteristics of enhanced survival in bred and hybrid oysters

· Begin research to understand the role of reproductive allocation with mortalities

· Work with growers to characterize the extent and timing of mortality events

Sites for research: West Coast Estuaries

Willapa Bay: Oceanic influenced estuary, high salinity, high flushing

Totten Inlet: Epicenter for summer mortality

Variety of plantings funded by PSI

· Taylor Shellfish Farms

· Lummi Tribal Hatchery

· OSu Molluscan Broodstock Programs

· Diploids, triploids, wild stocks, hybrid lines, etc. 

Many environmental variables being looked at

Key findings:

19-20 degree sustained temperatures trigger mortality in France and along the West Coast

Time and time again, mortality comes back to hitting this 20 degree threshold

In some cases, Lower mortalities observed in MBP lines but it is not consistent

51x35 and 35x51 got wiped out in 2005

Other parameters

· Dissolved Oxygen: DO can be quite low later in the month of September that may be associated with mortality events. DO related directly to tidal exchange

· Much higher mortality when oysters are cultured on-bottom

· Much higher mortality at 30cm off bottom than at 70 cm off bottom

· No Ploidy influence

· Phytoplaknton: 

· In Willapa bay, diatoms abundant with low dinoflagellate numbers. Ceratium and Pseudonitzschia were most abundant toxic samples

· In Totten Inlet: low levels of diatoms with high dinoflagellates. Selected taxa dominated by Ceratium, but toxic species were uncommon

· Systemic Bacterial Infections

· Vibrio and herpes clearly indicated in larval and juvenile mortalities in CA

· Asymetrical shell growth

· Triploid oysters show overgrowth of flat shell by cupped shell

· About 30% of samples with multifocal necrosis of gill tissues

· Pathology possible due to overheating and exposure during low tide

Current Research

· Test the hypothesis that small number of genes control resistance to summer mortality through genomic mapping of variation in survival, growth, and reproductive allocation

· Breeding program focused on selecting for resistance to summer mortality, to determine how variation in reproductive allocation may interact with stress conditions associated with summer mortality

· To evaluate selected environmental parameters and observations which appear to predict increased summer mortality risk and can be used to assess the performance of outplanted treatment groups

· To ensure that there is a timely response to oyster mortality events on commercial oyster beds, and harvest areas and provide feedback on those events to producers. 

Question: Do any of the 1970s lines that were resistant still exist? No, well maybe….some of those broodstock were used by a farm in San Juan Islands but that site has no summer mortality

Taylor Breeding Schedule:

· Deployment of 50 families (random Dabob bay pairmatings) in high mortality bays from Fall 2006 production

· Production and deployment of 49 lines (full factorial design using 7 surviving inbred lines from MBP)

· Production and deployment of 50 random pairmatings from Willapa Bay naturalized oysters

· Test Bays: Totten and North Bay and Willapa Bay

Questions and Comments

Where are oysters in their gametogenic cycle when summer mortality hits? Peak, prespawning. 

Question: Who is doing QTL mapping for summer mortality? Ling ling in Hitchcock’s lab.  600 individual oysters  (all F2 hybrids of 51x35) by tag number and hope they get wiped out, at least some of them. 

Question: What is happening in Asia?  Japan had big problems in the 70s but isn’t having problems now. 

We need to look at reproductive allocation as the next real focus.

Does high glycogen equate absolutely with lower growth? No…Why smaller animals are more resistant than faster growing oysters is unknown….some evidence suggesting a size effect. By selecting in one cohort for increased size, there was a correlated decrease in survival…is size associated with reproductive effort and large animals are putting more energy into reproductive effort that may tie into summer mortality.

Oysters will build glycogen before putting on shell growth.  High glycogen oysters are going to be slower growing because they aren’t mobilizing the glycogen to shell.

In France, they see summer mortality in the first year—and OsHv is easier to detect in smaller oysters and has been a suspect.

Addendum WERA99

Tuesday, February 27, 2007, 5:00-6:00pm
This mini meeting was held to continue the discussion started on Sunday with members of the group that were unable to make it over the weekend due to travel problems.

At the conference in Korea, Jean-Francois Samain had a powerpoint presentation that he used to review the summer mortality project (MOREST) in France.  There was a question to Pierre Boudry about being able to get a copy of this presentation for the group.  Pierre responded that he will ask Jean-Francois for a copy. 

Jason Curole

JGI Oyster project

In 2005, the oyster genome consortium organized for the first time and submitted a proposal to JGI to sequence the C. gigas nuclear genome

At that time the project was ranked 4th –enocuraging

The following year the proposal was submitted again to JGI. JGI came back with smaller scale sequencing

150,000 cDNAs and some BACs (4) but turned down the entire genome sequencing.

Since then, JGI has been more interested in carbon sequestration (microbes and trees)

User agreement is now in place, send them several libraries for sequence generation

First: 2 pre-feeding larval stages (2-12h, 15-30h)

Gill, mantle, and adductor muscle from adults exposed to normal and abiotic stress (heat shocked) conditions

2 feeding (6d, 16d) larval stages

Inbred lines 35 and 51 for SNP discovery

We can trace the origin of the cDNA just from the sequence alone

Test run from 2 pre-feeding larval stages:

Sequenced 4 384 well plates and they looked really good

· 1200 high quality reads

· 1000 non-mtDNA

· 942 EST clusters

· 558 (59%) hits to genbank

· 666 bp, mean contig

Told JGI to go with a production run (44, 000) sequences in one massive run.  Just got those sequences back

Odd naming scheme, we have to rename them to fit back into our naming scheme—to go back to a specific well on a specific plate

Andy Gracie ran them through his pipeline—a good bit of E.coli sequences in the ESTs

JGI had a failure in the rolling circle amplification facility wide

Don’t have the breakdown from the production run yet

Andy has made the libraries from the heat-shocked adults and those will be next in the cue to go through JGI, the larval libraries will be last

Questions and answers:

When will the sequences be made?  Are you going to have a local database to blast them against or on genbank?

Unknown yet.  Just doing quality control right now—to make sure anything we put out is quality sequence and not just junk. But at some point, JGI just will dump the raw sequence into genbank.

BACs have been sent to JGI but we don’t know where they are in the queue. 

BACs coming from Greg Wars group (S.C)

Concern about BACs coming from hybrids between two lines vs. inbred—will there be problems with heterozygosity in sequending?  JGI was very concerned about that. 

JGI will just take DNA and do shotgun sequencing.  Whether oyster genome consortium wants to go from BACS or shotgun sequencing is unclear but they probably don’t want to go from the BACs from the hybrids—too hard to sequence. 

Now doing a small number to learn the amount of polymorphism—but unclear to Jason how they will acertain that given that it is a mixed library

Consensus between Dennis, Pat Gaffney and Jason: JGI is probably drying up—we need to take a new approach. 

Dennis is going to ask for money from NSRP8 to generate DNA from an F2 family.  Data involved in making the map and the map would be publicly available---build towards a consensus map on one family instead of multiple maps.

Buy kits for whole genome amplification (2 plates possibly)

35 X 51 family

There is already a manuscript in QTL mapping in this family

Good idea to submit a USDA proposal to have an international workshop to discuss how to get the oyster genome sequenced (China, US, France, others).  Could we take the genome sequencing effort and split it among the countries instead of just going to JGI.

A proposal should go in summer 07 and may be awarded 08 with a workshop on the West Coast of the US—

Could it be linked to the next NSA meeting?

Pierre Boudry Oyster Genome Update from  France 

Following the application to JGI, Pierre applied for a BAC sequencing project, with the idea that it would be complementary.  The problem was that it wasn’t the same material—but maybe it would help in some ways and not overlap between France and US.

This project was accepted conditional to the JGI project—so nothing could be done. 

Then US did the EST the project and Genoscope (France) accepted sequencing of ESTs too.  They did roughly the same thing but most of the cDNAs are different than what was done in the US—so some overlap but not much.

One of the main differences is that this is based on normalized libraries 

1) Immosite from colleagues from Montpeliar.  This is done and in Paris ready to be sequenced

2) One on larvae which has not been completed

3) One on gonad—has been completed and ready to be sequenced. Not publicly available yet but will be at some point (6 months or so)

Big question: whether we go for the whole genome sequencing, what will be the best strategy with science and technical aspects AND the political side of the story.  

Looks like China is ready to do the work—they want 3 million dollars to do the work in six months.  But the idea of just providing money to have the work done is not very attractive to France—same for US?

Following the step of sequencing, this is just the beginning of the story, a lot to be done afterwards—maybe US, France and so on could offer to do the annotation or share the work among different sequencing platforms or do the work based on BAC libraries as it was done in many species until now.  Best solution in terms of efficiency?  In terms of politics? 

Sequencing is really just the beginning.  How would we even get it assembled?  I don’t know that any of us have the technical expertise or the computing power to do this.  The idea of the workshop is to bring people in who have the political and the technical experience to do this: sequencing, assembly, annotation.

In 1-2 years time we can hope that we will have enough EST sequences because there are 2 projects in Europe plus the Hedgecock project.

Start with 30,000 hope to get 100,000 and depending on redundancy of sequences, will continue or not, plus the 150,000 from USA….we get a massive amount of data and maybe a launching pad to get the genome sequenced. 

Listserve specifically dedicated to this objective so that everyone can be up to date on what is going on? Very small number of emails that you would recieved but everyone could be kept abreast of what is going on.  Could build from the WERA list.

Clear that whole story was driven by US but it looks like the idea is now to move to a more international community—don’t know if we can accomplish everything in Europe, but genoscope considers oyster an important species.  Wherever the work is done at the end is not important—better to work together internationally and get this done.  

OGC: steering committee of the oyster genome consortium is talking about this international effort.  International workshop is the place to start. 

Volkswagen is paying to sequence the horse genome.  BAC based.  

Tom Coaker has convinced NIH to sequence the Tilapia genome.  Very realistic, can come from anywhere, leave our options open. 

List of all the genomes that have been done and a list of all the applied projects (like ours) that are on the way….how they are organized, how they’ve been done, what are the options to join forces between countries, etc.

Shrimp genome is an international effort—kind of an impetus for OGC. Salmon and trout communities are very well organized and big—but very useful to see how these groups have organized and advocated to have it done. 

We should have some people from the other aquaculture groups who’ve gotten their genomes sequenced so that we can follow their lead.

Pierre will see if he can get some money from France for this too. The sooner the better. 

Broad and quick update from France from Pierre
The moras project is finished we are currently working on a book that will summarize everything that was done.  John Francoise is working very hard on it—and book will be both in French and English

French research groups working on oysters:

Immunology and defense mechanisms (Montpellier) 

Physiology (Brest and Caen) 

Genetics (La Tremblade, Ifremer) 

SNP identification in C. gigas (C. Sauvage)

· 43 EST sequenced (24 mapping FO parents)

· 39 polymorphic

· 276 SNP

· 26.4% Coding, 73.5% non-coding

· 10.7% synonymous, 15.8% non-synonymous 

· Hopefully this data will be available soon—just submitted a paper

Analysis of codon usage (8800 ESTs) (C. Sauvage)

· C/G ending codons are more frequent

· Relationship between codon usage and expression level of some genes

· More data coming on the global view of how the genome evolved on a molecular level

QTL mapping of resistance to summer mortality in 5 F2 families

· Started a QTL project and last summer challenged 5 families

· 3 families in which we had high levels of mortality

· All in freezer, DNA has been extracted and are now doing genotyping of extreme individuals (microsats and SNPs)

· Next year, hope to have QTL mapping results of our summer mortality (on spat)…and it would be very interesting to compare to what has been done in the US although mortalities are later (2nd, 3rd year)

· One way to compare the phenomena in Europe and US—if same QTL and genome in US than it is a sign that we are working on the same phenomenon

Functional genomics of R and S selected lines

· Construction of relevant oyster ESTs collections using SSH to work on physiological background of summer mortalities (live, dead, resistant, so on)

· 12 subtractive libraries from 6 tissues (8064 ESTs)

· Irish and British colleagues also involved

· 4 MGE normalized libraries from gonad, gills, DG (6000 ESTs)

Development oyster cDNA microarrays

· Slide spotting by MPI, Berlin (9300 ESTs/ slide in triplicates)

Gene Expression Profiling

Analysis and Comparison at the levels

· R vs. S

· Challenged Vs. unchallenged (bacteria; hypoxia)

· Experimentally challenged vs. in situ

In Montpelier Ana Tirape worked with Viviane Boulo on immune related genes during ontogenesis

· QPCR in challenged and unchallenged to see if some genes respond to challenge

· Differential expression of genes during ontogenesis (SSH) 

· Comparing larvae and spat

· 991 ESTs

· Paper in press

Antimicrobial defense mechanisms (montelier)

· Prolin-rich antimicrobial peptide

· Bactericidal permeability increasing protein

· Defensin

· 2 new papers (Gueguen et al) Gonzalez et al)

Genome evolution and speciation in closely related bivalve taxa

· Mytilus, Bathymodiolus & Crassostrea

· 3 genera with pairs of closely related specie

· Scan the genome for genes and look for genes with high differentiation between closely related species, neutral genes, and genes which are more conserved

· Paper in press in molecular ecology notes (Bierne et al) Mark Recapture cloning:…

Have been working to implement a breeding program with some of the oyster farmers in France—not easy because it is not in their habit to develop these kind of things but is one of the results of Morest.  They use the example of MBP that farmers in France should get together to do breeding. Pierre thinks he should leave genetics and go to sociology now—politically, it has been very difficult. 

