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Introduction/Welcome

The workshop was called to order at 8:50 am.

Paul Rawson welcome d the group and presented the agenda for the day.

Presentations and Discussions

I. East Coast Research and Genomics Resources

Paul Rawson

Paul Rawson gave an update on the ongoing efforts to coordinate activities between the culture industry and the University of Maine aquaculture researchers.  A collaboration has been formalized in the last 2 years with Dick Klein acting as the industry liaison.  The cooperative is MAIC/MTI sponsored for the stated purpose of “establishing an independent hatchery and algal culture facility for Eastern oyster production of the UM Flowers select line”.  This hatchery is independent from 4-5 other Maine hatcheries.  Performance trials were originally done only in the Damariscotta River with the UMFSL being compared to several other lines.  There has been a concern that they may be developing an inbreeding problem.  The control line was lost in this trial.  They are continuing mass selection and interline hybridization and plan to employ marker-assisted selection in the future.

Paul Rawson reported on the progress to date with establishing the program.  Hatchery construction was started April 2002. Scott Feindell was hired as the hatchery manager in March2003. Other members of the UM team include Paul Rawson and until recently, Bruce Barber who has recently left the university for another position.  The hatchery facility is shared with the Darling Center.  The initial deployment for a stock evaluation trial included the following: 1. the UM select line, 2. the Rutger’s NEH line, 3. the Frank M. Flowers Co JODR line, 4. the UM line crossed with the Rutger’s line and 5. the UM line crossed with the FMF-JODR line. 10 sites along the Maine coast were selected and 4000 progeny from each line were deployed in August 2003 at each site.  The growers are cooperating with scientists for this experiment. Statistically no differences have been observed between lines as of the Sept/Oct 03 sampling date.  These sites will be monitored through the summer of 2005.  There was not enough time to measure all of the sites again before over-wintering, but a few sites were sampled in late Dec03/early Jan04. Preliminary results indicate that the Maine line is performing best in weight (growth) with low mortality. Paul Rawson noted that these results are very preliminary, but hold promise.  A second cohort will be deployed in the summer of 2004.  There are long-range breeding plans for JOD resistance and physiological pathway studies that involve Kathy Boetcher examining disease resistance and tolerance to cold water stress. Funding is needed to keep the hatchery manager.

After Paul Rawson’s  presentation the group went around the room for introductions and brief descriptions of each person’s areas of work.

Kimberly Reece

Kim Reece discussed results of poulation genetic studies that have been done on the Asian (non-native) oyster species, Crassostrea ariakensis, which is being considered for aquaculture development in Chesapeake Bay.  The analyses of Asian samples indicated that there are two very different genetic-types of C. ariakensis, currently labeled as the “northern”(N) and “southern”(S) types.  Evidence for this distinction came from RFLP analyses of the ITS region and the mitochondrial coI gene.  Concurring data has been obtained using 3 microsatellite markers that were developed in Hedgecock’s lab for C. gigas and from DNA sequence phylogenies.  No heterozygotes were observed in a sample from Beihai, China which had both N and S-types in the sample.  This result raised the question of whether there is reproductive isolation between these two types and possibly these two types are actually two different species.  In a hatchery stock (SCA), whose source population was the Beihai sample, the hatchery spawn resulted in the progeny being bottlenecked to the N-type.  Very few S-type progeny were obtained, although the N and S type occurred at approximately equal frequency in the broodstock.

A molecular phylogenetic study was done on oyster (primarily Crassostrea) species using coI and ITS sequences because of species identification problems. Many samples collected as a particular species during the study were found by RFLP or sequencing to actually be other oyster species. The resulting sequences were used to perform virtual restriction digests for establishing a species identification key.  The digests are being confirmed in the lab.  New RFLP keys for oyster species have been developed based on these new data.  

Other bivalve marker work in the Reece lab includes adding the C. virginica microsatellite markers to Ximing Guo’s AFLP map.  Crassostrea virginica SNP markers are being developed in collaboration with Pat Gaffney and Ami Wilbur.  Microsatellite and SNP markers are being developed for the hard clam,  Mercenaria mercenaria in collaboration with Mark Camara and Pat Gaffney. Questions and discussion about the recent Bonamia mortality episodes of C. ariakensis in NC followed.

Ximing Guo

Ximing Guo gave an update of a field evaluation of C. virginica oyster strains ongoing in New Jersey.  Five lines are being evaluated:

1. NEH, 2. HYB (NEH X FMF), 3. FMF (JODR), 4. Global control and 5. Local control.  They were deployed 4 sites (CS, CM, CT, MA) and evaluated for Dermo mortality.

The results to date were that the Rutgers and hybrid strains had the lowest mortality, while the FMF had the highest mortality.  The hybrid and Flowers strains grew faster than the Rutgers strain.  Yield was calculated  based on mortality and growth.  The hybrids had the best yield and the FMF strain had low yield even though it had good growth, primarily due to high mortality at the Cape Shore, CT. site.  Overall, the yield values were similar for all of the strains.

The two types of triploids, chemical and mated, C. virginica were compared for faster growth.  The mated triploids grew faster as larvae,  but overall there was little difference in growth between the two types, however the mated triploids did demonstrate statistically significant greater growth. 

Ximing Guo also presented some data on physical mapping comparisons between the Atlantic and Asian oysters and in scallops.  The rDNA region is located on chromosome 2 in C. rhizophorae and C. virginica, while in the Asian oyster group the rDNA is on the smallest chromosome, number 10. They also did some comparisons between the Chinese and bay scallops.  There are 19 chromosomes in the Chinese scallops and most chromosomes have 2 arms.  In the bay scallops however, there are only 16 chromosomes and most of them have only one arm.  Based on the data Ximing Guo put forth a hypothesis that bivalves such as the Chinese scallop with 19 chromosomes, may be tetraploid.

An AFLP male map has been constructed for C. virginica and they are continuing to try to map the MSX resistance.  They looked at allele frequency shifts in families before and after exposure MSX and a mortality event.  They hypothesized that a dramatic increase in frequency of some alleles may indicate linkage to MSX resistance genes.  3 putative QTLs for disease resistance will be presented at this WAS meeting from Ximing’s group.  They found several promising markers inlinkage group 8.  They found that homozygotes for some loci survived better through a disease challenge, but had poor larval survival, while heterozygotes demonstrated better survival through the larval stage.  Ximing Guo’s group is also working on some ESTs and doing challenge and subtractive hybridization experiments. 

Ford Evans

Ford Evans presented an update on the Molluscan Broodstock Program (MBP), which has the overall goal to develop a breeding program for C. gigas to improve yield while minimizing inbreeding.  They have been conducting a rotational breeding scheme and have recently found that oysters were sensitive to low levels of inbreeding.  They observed a 6% decrease in yield by crossing cousins.  The specific goals of the program are:

1. To devise a simple scheme for long-term breeding.

2. To limit accumulation of inbreeding to 2-3% per generation.

3. To maintain family-based selection 

4. To achieve a short generation time

5. To maintain a population of broodstock.

Options that are considered:

1. Maintain a large breeding population.

2. Periodically introduce unrelated parents, but need to use those that have been selected.

3. Systematic rotational line-crossing scheme.  This is the method they have chosen. 

They have produced six-lines with 5 generations in approx. 3.4 yrs.  An example of this: Top 7 families of A1 cross with top 7 families from C1 to make A2.  The inbreeding accumulation with this scheme is manageable.  After 27 years the cumulative inbreeding is estimated to be approx 0.15.

They have observed direct and correlated responses to selection on individual body weight.

As mentioned above, MBP bases selection on yield, which is a family trait with low selection intensity resulting in very labor-intensive analyses.  Therefore, they were trying to determine if body weight can be used to correlate with yield.  Summer mortality type events occur with these oysters and they have observed a strong negative correlation between mid-parent body weight and offspring survival.  This response is strong enough to result in poor yielding offspring, thereby suggesting that body weight that it is not a good correlative trait for selecting improved yield.

Questions being addressed in a current study: Is density a problem that contributes to mortality?   Are the faster growing animals subject to greater mortality? 

They are examining the effect of genotype X environment interaction on harvest.  13 cohorts are being evaluated at sites with various salinity regimes and tidal differences (inter-tidal and subtidal).   The preliminary data: 

With 20 crosses there seems to be significant site by cross interactions in terms of body weight and survival at all 4 sites examined for this preliminary work.  Much more data for this study will be collected this year.  Many questions remain, but it appears that summer mortality is correlated with reproduction and the larger animals may reproduce sooner and be subject to greater summer mortality.

Mark Camara

 Mark Camara is now with the USDA and is stationed at Hatfield.   He has set-up a molecular lab to compliment the breeding facilities at Hatfield. Construction of the greenhouse is underway with 96 silos.  This will greatly increase their potential for quantitative genetics experiments.  Mark Camara is starting to use the microsatellites from D. Hedgecock in his molecular lab. 

Mark Camara outlined a proposed half-sib experiment with 30-50 sires.   They should be able to obtain a good estimation of heritability and correlative structure among larval growth traits, with reproduction, growth and survival to decide what are the correlated responses to facilitate selecting on particular traits.   There have been several recent advances in QTL statistical analyses that allow you to estimate identity by descent through half-sib crosses.  Take a subset and “mark” the animals while growing many more of the animals.  They will then genotype individuals with the microsatellites and analyze the traits on “marked” individuals.   This is the concept of molecular markers for walk-back selection.   It is currently a huge, labor intensive effort to keep track of the MBP bags deployed, so they want to be able to pool individuals and do assignment tests based on the markers.   They will determine which families survived best by screening a few hundred animals across the experiment and select those with high survival as well as selecting for the particular trait of interest. 

 Mark Camara described another project related to cadmium levels in oysters.  Oysters carry a fair amount of cadmium and if international shipment regulations are set too low then the oysters may not be able to be shipped internationally. Cadmium is particularly a problem in the Pacific NW and could become a problem for the industry. In France, the EU has already adopted a standard and it is difficult for growers to achieve this standard.  Data is being gathered for different species and culture methods on the US West coast. The Hatfield group is interested in determining if they can select downward on cadmium accumulation so that oysters will accumulate less and be able to be exported.  

Subtractive hybridization experiments in response to heat stress will occur in the Camara lab to look at differential gene expression.

Joth Davis 

MBP-crossbreeding of oysters for high yield.   Joth Davis is with Taylor Shellfish.  He works at the MBP site and is involved in a manila clam breeding project. They are developing triploid and tetraploid technologies.  They have a goal to produce and maintain inbred, selected lines.  They produce and test the performance of hybrids.  The phenomenon of hybrid vigor is well known to result in great improvement in corn yields.  They are asking if the elite hybrids outperform other oyster lines and are comparing the MBP inbred lines to industry stocks.

Experiments with inbred females and males. 2X1 crosses are done.   Not all of the crosses come through, so they usually can use only some of the crosses.  There are several phases of the deployments.  Phase I.  Rearing system -harvest the upper 1/3 of setters.  Phase II. Upwellers. Phase III. Grow-out in an off bottom inter-tidal system with approximately 100 seed per bag.  Phase IV. To the beach.

Results of these experiments:  They looked at seed gain versus. adult to see if there was correlation.  Yes, there was a positive correlation, but it was not significant.  Therefore, this doesn’t really help for selecting as early as possible.   The primary yield component that they identified is growth rate.  They looked at some of the specific crosses between lines and saw that some of the same families ranked high.  

2004 objectives for 2 cohorts from MBP derived lines.  They will measure seed and harvest yields, rear to harvest for seed and will harvest at the second commercial site.

As Mark Camara mentioned, yield measurements are expensive and time-consuming. They are in need of better testing technology. Genomics/ marker method is promising.  They also have a need for more efficiencies in the production.  In phase I they need high density larval rearing techniques and phase 4 is also time consuming and expensive.  They are in need of longer term site designations and a commitment to testing.

Other questions that are being addressed: They have observed in starvation experiments that the triploids show higher mortality.  The physiological differences are not well characterized; however this needs to be more extensively studied.

Peter Thompson 

Peter Thompson is with an oyster breeding program in Tasmania, Australia.  They produced 120 lines last year.   He is interested in the breeding/production of tetraploids, double haploids.

He is also interested in exploring the potential for exchanging broodstock between the different breeding programs for C. gigas in the US, France and Australia.  Peter opened the floor for discussion regarding animal exchange.  It was mentioned that in the past, France and the US have exchanged broodstock.  Approval from the West Coast industry is needed for the US to import broodstock.  A major issue is quarantine facilities in the US.  Quarantine is very expensive and time consuming.  The necessary disease screening is now quite expensive.  When broodstock are going into France the IFREMER, La Tremblade lab pathology group does the disease work.    Cryopreserved sperm may be easier to import.  Disease histories of animals can help make the importation easier.  Right now there are some Tasmanian C. gigas on the West coast, which were brought by Ken Chew to the US.  Disease is now more of a problem in further north in Australia, rather than in Tasmania.  Mortality is more common in the very warm climate.

Peter Thompson talked about the breeding program in Tasmania.  We all recognize that inbreeding is a problem.  They are asking if it is being controlled?  The industry in Australia is going to take and maintain 50 lines.  They are employing a modified rotational program for breeding.  The cycle for growing oysters to the reproductive state in Tasmania is approximately 2 years.   

There was some discussion of the mechanism of transferring lines to industry with the issues of intellectual property (IP).  In Tasmania they have lawyers involved and CSIRO is licensing the technology.  Most of the IP is in broodstock.  The ownership of the broodstock remains with CSIRO.  A new company is now licensed.  So there have been several trial commercial productions.  Some of the licensing money that goes to CSIRO comes back for use in oyster research.

Nick King

Overview of Cawthron in New Zealand.   This is an independent non-profit research institute with150-200 people.  The native mussels and oysters are important species for their research, with the Pacific oyster and New Zealand green mussel being the primary species.  They do larval rearing in ponds.

Oyster breeding started at Cawthron in 1999.  They produced 9 full sib families, which were deployed at 4 sites.  They used 100 spat per bag and 10 bags per site.  They have been measuring survival and bag weight.  In 2001 another cohort was produced. They produced 53 new families with 5 F1 families and 2 inbred families.  They used the same field design as in 1999.  Again, they are measuring survival and bag weight for yield.   In addition, they are selecting on shell shape and other things, not just growth.  In 2003 the produced 61 families; 23 full-sib wild families and 37 advanced generation families from the 2001 families.  They are select for growth and marketability.   A wide group of families were mated/crossed to minimize inbreeding.

Mussel breeding began in 2002 with 75 wild full-sib families.  In 2003 69 wild full-sib families were produced.  The first measurements on these animals will be done in 2004.

Overall their mussel breeding program is being kept at a smaller scale.  They are tagging the families with physical tags.  At each site they mix the tagged animals. Within family selection may be done with walk back using markers.  Untagged mussels will be typed using walk-back.

Other projects that are ongoing at Cawthron include the following: Cryopreservation,  mussel ESTs, probiotics, improvement in heterotrophic algae.

Nick King then presented the data from oyster experiment. With the first cohort of 9 families, significant differences were observed between sites and between families, but the family X site interaction was not significant.  They are interested in breeding a generalist.  They saw high survival, especially at two sites.   The management/husbandry at one site was poor and this site had the highest mortality. With the next cohort from 2001 they also had a good correlation between family and growth at the two best sites.  The F1 families produced from the first nine families did very well compared to the large number of wild families, suggesting that large gains were made by the selective breeding.  Survival was slightly lower for the F1s and the inbred lines showed the lowest survival.  The average bag weight for the F1 families was 19%.  Survival was down a bit, however, but the overall mean oyster weight showed a 23% gain.  Nursery and field comparisons werevery close.    They asked how the bag density affected growth? Growth rate was similar in bags with 20 vs 80-100 oysters.

The mussel industry at this time is entirely based on wild harvests and is not hatchery-based.

Pierre Boudry

Pierre Boudry presented the genetic results after 3 generations of the MOREST study.  Summer mortality in C. gigas is common in many countries.  The exact causes are still uncertain.  Summer mortality affects diploids and triploids in both the hatchery and in the wild.  The genetic study is just one part of the MOREST study, which is coordinated by Jean Francois Samain.  The main genetics objective is to determine if selective breeding could improve survival.   They are doing studies estimating heritability, response to selection and correlations between survival, growth  and yield. Oysters are selected for survival with one generation/year.  They examined both inbred an outbred families and recorded the traits of interest.  They held back a few individuals from each family, so that even poor performing families were not lost in the field.

3 sets of 24 nested full-sib families were produced.  On question that was addressed; Did early or late placement in the field affect survival?  With the first generation (G1) 15 full sib/sets were deployed at 3 sites with 3 sampling times.  Two weeks after placement they could see differences among families.  Some half-sib families performed better than others.  There was a male effect.  Variance analysis was done and heritability estimates were determined for each set.  The primary effect (50%) was the genetic effect.  Site effect was 21%.  Growth was examined to determine the relative importance of growth or survival on affecting yield.  There was some site variation for relative importance of survival or growth for yield.  

2nd generation-3 half-sib families were made from the high mortality families (S) and 3 from the low mortality families (R).  Mortality was higher in families from the ‘S’ (sensitive) than from the ‘R’ (resistance) group.  There were highly significant differences between the R and S groups, but there was no evidence of a correlation between growth and survival.  This data is only from the first year, however, and future measurements will be taken.  There was a correlative response to yield.

3rd generation-Replication of the second generation with the addition of an outbred line G3SD.  They used the inbred families to replicate the experiment done with the 2nd generation by crossing among families.  Again they observed a very good response and consistent ranking of the ‘S’ and ‘R’ families with a correlative yield response.  Triploids were also produced in the 3rd generation. Tetraploid males were mated to S or R females and to wild females.  The mortality was highest those crossed with the S families and lowest in R crosses. For a series of inbred crosses, approximately 15 males and 15 females were used for these crosses. Survival was generally correlated with ‘R’ again.  There was a male effect observed and some of the families did not perform well.

Pierre Boudry also reported that they have recorded the survival after the first year.  They found that most of the mortality occurred in the first year.  For the R families there was an average of 7% mortality in the first year and an addition 8% in the second.  For the S group, 52% average mortality was observed the first year but only an additional 7% in the second.  The two generations had very similar data.  If oysters are kept in the nursery during the first summer, then the mortality is reduced (14% compared to 52% for the S group).

Pierre Boudry posed several questions that still need to be addressed. 1.  Why is there so much additive variance for survival?  2.  What is the trade-off between survival and other fitness related traits?  3. What is the impact of hatchery propagation on life-cycle and resource allocation?  4. Is genetic polymorphism maintained, so that selection is not as effective in nature?  5.  Will the correlation between traits be very different in differing environments?

Jean Francois Samain

Jean Francois Samain also reported on results from the MOREST study.  He reported that temperature had very strong impact on mortality and that at temperatures over19˚ C the risk of mortality was higher.  Reproduction was also important, but they did not find that a specific stage in the reproductive cycle was important.

The timing of the mortality event varied with geographic region and was earlier in the south, later in the north when the temperature was rising above 19˚ C.  The length of the mortality event also varied.  As expected, spawning occurred later in at the northern site.  S families were delayed in their reproductive cycle.  There were significant differences in physiology between the S and R groups at the northernmost site.  “S’ oysters sometimes did not spawn.  They appear to have differing reproductive strategies.  The next year more similar spawning patterns were observed for the two groups possibly because 2002 was cooler than 2003. Only the R group spawned in 2002, while both spawned in 2003.  Temperature seems to affect the reproduction of the R and S oysters differently.

Another question that was asked in these studies was: What is the effect of food on reproduction?  A lab experiment was conducted in 2003 with two different levels of food for the R and S lines.  At the lower food levels the S lines put more energy into reproduction.  At the higher level of food the S lines were undergoing partial spawns before main spawn.

In asking why the reproductive efforts were important, they looked at various parameters.  They found that consumption was different between the R and S lines.  Adsorption efficiency was similar and there were small differences in respiration with the S lines showing higher respiration rates.   There seemed to be higher risk of mortality with the higher food levels and there was lower mortality in the lower food level treatment.

They looked for any relationships between food levels and immunity.  Haemocyte levels decreased before spawning, while after spawning and mortality events the hemocyte concentration goes up in survivors with no differences observed between the R and S lines.  They also found no differences in phagocytosis between the R and S lines.  Sensitivity to Vibrio spp. infections was reduced in the R oysters with low food. There was a significant difference in the oxidative burst between R and S lines, but no difference was observed with different food levels. The S oysters showed a much higher oxidative burst before the mortality event.  Haemocyte resistance to Vibrio spp. was found only in R with low food.  Jean Francois Samain thinks that other defense markers are needed and would like to determine whether the S lines are more susceptible to invasion by pathogens than the R group

Sediment effect studies: The oysters were placed under different growing conditions.  They found that oyster died at 15 cm more than at 70 cm and that S mortality was higher than for R.  Triploids and diploids behaved similarly.  It was determined that mortality rate was dependent on the amount of time the oysters were held at 15 cm before they were transferred to 70 cm.

Some general observations: There were higher ammonium levels at the deeper at end of June.  Hydrogen sulfide was found to be high during the mortality event.   Sediment toxicity was higher in June and bacteria levels increased after spawning and after the mortality event.   They injected vibrio into a donor oyster and co-incubated it with uninfected oysters.  Donors died from May to July and recipients died during late June to early July.  There was overall lower mortality this past year during a relatively dry year.  There also appear to be some correlations between water flow and mortality.

Arnaud Huvet

The goal of the project Arnaud presented was to understand the physiological processes involved in summer mortality and their regulation by exogenous factors.  A subtractive hybridization approach was used for this study.  They have been focusing their study on energy metabolism because during spring and summer there is requirement for more energy due to high growth rate and reproduction.  Glycogen is important for energy flow.  The goal is to develop molecular markers of energetic status and see if there is a relationship between  the glucose pathway, reproduction and mortality.  The subtracted library has several  cDNAs for important metabolic enzymes.   Real-time PCR analysis was employed to compare expression levels in different tissues.  Glycogen synthase is high in gonad and palps (storage tissue).  Glycogen phosphorylase (utilizing glycogen) is higher in low food conditions. In high food conditions, there is higher expression of pyruvate kinase.  There is higher expression of PK during gametogenesis-maybe a good marker.  SSH was used for comparing R and S progeny in the second generation.  The comparison was made in spat stage during the summer during a mortality event.  As soon as first oysters died, oysters were collected for RNA isolation.  Vibrio was found in dying S oysters.  Both forward and reverse subtractions were done.  150 clones were upregulated in R compared to S.  Expression was confirmed by real-time PCR.  Sequencing was performed.  Mean size was 450 bp.  55 singletons, 20 contigs with 20% redundancy.  28% were known genes with 12% related to energy metabolism.  Energy  levels could effect immune capacity and could impact oxygen transport capacity.  Bacterial challenge was done on R and S with both experiencing heavy mortality.  R progeny show strong decrease in expression with Vibrio and seawater for the ATPase, SGLT, SR-like, precerebellin-like genes.  Future work will include examining a few select pathways, i.e., lipid metabolism.  There is a plan to screen microarrays to help elucidate the hypothetical proteins and ORFs that were observed.  Also, they want to identify other good candidate genes for further functional studies to compare R and S groups.

Dan Cheney

Dan Cheney discussed studies for improvement of disease resistance lines and understanding of summer mortality in C. gigas.  West coast sites from CA through OR to WA.  Farmers are helping at the sites and want information on the quality of the site, best oysters for the site, etc.  Both bottom and off bottom culture is being done.  Some wild, Taylor diploids and triploids, and several MBP lines are being used.  Higher mortality was experienced at the Mud Bay site in October, the last sampling time.  Highest mortality was in the MBP 140, 141 and 142 lines.  The water temperature generally remained below 18-19C.  Totten Inlet had overall lower mortality, with highest mortality occurring during August.  Willapa Bay was very different.  There was early summer mortality.  At Tomales Bay, the temperature is higher with almost 100% mortality of 140 and 142 lines.  Carolyn Friedman will discuss that this mortality may be related to Herpes infections at a conference presentation this week.  Some very high temperatures were recorded for the animals during exposure time at inter-tidal sites, even though the mean water temperature remained relatively low.  The growth vs. mortality data indicate that there was considerable variation among sites.

Gary Wikfors

Gary and Jean-Francois Samain wrote a US-France Bilateral Agreement for Domestication of Bivalve Molluscan Shellfish, and the administrators signed it.

The stated objectives of the agreement were:

1.) Assembling a team of researchers in US and France to work collaboratively.  

2.)  Integrating genetics and physiology and apply some of the tools to domestication.  

On May 27-29, 2002 there was a La Tremblade workshop.   The workshop goal was to generate a proposal.  The workshop objectives were to identify the problems, develop a strategic plan and determine the expertise needed.  Some of the agreements include sharing biological materials, and methodologies, coordinate efforts to identify genes and physiological traits of interest.  Some important specific technical tasks sited include cryopreservation, tetraploid lines and non-lethal markers for reproductive cycle. The standard reference genome was selected.  

Workshops were identified for specific tasks, and particular experimental research projects were chosen.  A follow-up workshop was proposed.  There was a call from NOAA for another workshop in the 2004 fourth quarter (July, August or September).  At another workshop an objective will be to follow-up on established collaborations and identify new goals.

Business meeting

Sandra Ristow requested that results such as publications and other relevant information be sent to her for inclusion in reports to the committee.  Oct. 1, 2001-Sept. 30, 2006 is the timeframe for the currently funded WCC-99.  There is a list of expected outcomes and impacts.  1. Exchange ideas at Molluscan workshops.   2. East and Gulf coast researchers will be involved to report on their research. 3.  There will be coordination of research by collaboration.  4.  Economic improvement to west coast shellfish industry should be demonstrated.  Disease-resistant, fast-growing oysters for the east coast could revitalize the industry.  5.  Development of an updated manual/report, a version of which was first published in 1997 and written by Dennis Hedgecock, Standish Allen, and Chris Langdon (40pg document).

Discussion followed regarding who should be involved in coordinating and writing this document.  Chris Langdon will start an email discussion regarding: how to proceed.

Pierre Boudry suggested that the group might have a goal to present a summary at the Genetics in Aquaculture meeting in France in 2006.   A discussion on how to best convey information and transfer technology to the industry followed.   Outreach strategies such as giving some of the lines to farmers to grow side by side with their lines to visually see the improvements were considered.

Joth Davis inquired about molecular markers for manila clam being done anywhere in the world.  No one knew of anyone in the world doing manila clam markers at this at this time.

Sandra Ristow requested that all relevant publications 2003-2004 be sent to her.

Elections and Location.  Location for the 2005 workshop will be either before or after the NSA meeting in Philadelphia with Chair: Mark Camara and Secretary: Joth Davis. 

